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Dear S i r ,  
I t a k e  t h e  p l e a s u r e  i n  t r a n s m i t t i n g  you h e r e w i t h  t h e  f i n a l  d r a f t  of t h e  
@% 
r e p o r t  of t h e  TAC Study Team on Water Management Rescarcll and T r a i n i n g .  
F i n a l  d r a f t ,  n o t  because  t h e  Study Team con templa tes  any s u b s t a n t i a l  
changes ,  b u t  because  i t  a p p r e c i a t e s  a n  o p p o r t u n i t y  t o  nake a  f i n a l  
review and i n t r o d u c e  minor c o r r e c t i o n s  and amendments i f  n e c e s s a r j .  
As i n s t r u c t e d  by i t s  Terms of Refe rence ,  t h e  Study T e ~ n  has i d e n t i f i e d  
t h e  a spec t s  of trcl ir i ing and r e s c a r c h  a c t i v i t i e s  on i r r i i : a t i . o ~ ~  \.laLcr 
management \ .~h ich  a r e  p r e s e n t l y  n o t  r e c e i v i n g  sufficient a t  t e n t i o n .  Cur -  
r e n t  a c t i v i t i e s  i n  r e s e a r c h  and t r a i n i n g  r e l a t e d  t o  i r r i g a t i o n  wate r  
management cover  an  enormous r a n g e .  From t h e  o u t s e t  i t  was r e c o g n i z e d  
t h a t  t h e  Study Team could n o t  c a r r y  o u t  a comprehensive review.  I n s t e a d  
we have c o n c e n t r a t e d  on t h o s e  i n s t i t u t i o n s  and programmes which come 
c l o s e s t  i n  t h e i r  concerns  and a c t i v i t i e s  t o  m e e t i n s  major needs  and 
c o v e r i n g  major  gaps  i n  i r r i g a t i o n  management. 
To f i l l  t h e s e  gaps  t h e  S tudy  Team recommends an  i n t e r n a t i o n a l  i n i t i a t i v e  
0 
i n  i r r i g a t i o n  management, o r g a n i z e d  as a n  i n t e r n a t i o n a l  network w i t h  a 
s m a l l  h e a d q u a r t e r s .  The S tudy  Team h a s  developed i t s  p r o p o s a l  r ecogniz -  
i n g  t h a t  improvenents  on i r r i g a t i o n  s y s  terns p e r f  onnancc,  through 
improved i r r i g a t i o n  managenlent, i s  p r i m a r i l y  a  n a t i o n a l  r e s p o n s i b i l i t y  
of c a c l ~  c o u n t r y  concerned ,  r e q u i r i n g  a  m u l t i p l i c i t y  of n a t i o n a l  e f f o r t s .  
I t  was concluded t l l a t  outs ic lc  s u p p o r t  Lo n a t i o n a l  e f f o r t s  can b e s t  be 
approached i n  t h e  f i e l d s  of r e s e a r c h ,  t r a i n i n g  and i n f o r m a t i o n .  I f  
p r o p e r l y  implernentcd such  a c t i v i t i e s  shou ld  have f a v o u r a b l e  s p i n - o f f  
e f f c c t s  on improved i n s t i t u t i o n a l  a r rangements ,  which,  a s  t h e  Study 
Team n o t e d ,  :Ire a lmost  u n i v e r s a l l y  needed. 
e 
I n  view of a  s e r i o u s  t ime  c o n s t r a i n t ,  no f u l l  account: i s  g iven  i n  t h e  
r e p o r t  of t h e  d i s c u s s i o n s  t h e  Study Team had w i t h  numerous o r g a n i z a t i o n s  
and i n d i v i d u a l s  i n  a number of c o u n t r i e s .  
The Study Team a l s o  f c c l s  t h a t ,  due  t o  t h e  same ti111e c o n s t r a i n t ,  t h e  
r e p o r t  does  n o t  cover  i n  s u f f i c i e n t  d e t a i l  t h e  s u b j e c t  of srnall  s c a l e  
i r r i g a t i o n  development .  I t  i s  however u n l i l t e l y  t h a t  t h i s  would e f f e c t  
t h e  s t r u c t u r e  of  t h e  proposed e f f o r t .  
The Study Team, i n  l i n e  w i t h  t h e  main t h r u s t  of i t s  Terms of R e f e r e n c e ,  
has  based i t s  p r a c t i c a l  p r o p o s a l s  w i t h i n  t h e  f rame work of t h e  C G I A R .  
tls t h e  r e p o r t  demonstrate:; t h e  problems of i r r i g a t i o n  management r e q u i r e  
e a r l y  and a d e q u a t e  a c t i o n .  The C G I A R  i s  a n  o r g a n i z a t i o n  w i t h  a predomi- 
n a n t l y  a g r i c u l t u l - a 1  f o c u s .  A p r a c t i c a l  problem therefore t o  be  f a c e d  i s  
t h a t  i r r i g a t i o n  managenent,  a  E i e l d  where m u l t i d i s c i p l i n a r y  a c t i o n  i s  
mos t ly  needed ,  i s  a l m o s t  u n i v e r s a l l y  d o l ~ ~ i n a t e d  by t?le d i . s c i p l i n e s  of 
e n g i n e e r i n g ,  and t h a t  whatever  i s  done w i l l  need tile a c t i v e  s u p p o r t  of 
p r o f e s s i o n a l s  of thn't d i s c i p l i n e .  , - 
The concern  of t h e  'CGIAR ?las m a n i f e s t e d  i t s e l f  i n  s e v e r a l  i n q u i r i e s  and 
s t u d i e s  of which t h i s  r e p o r t  i s  t h e  n o s t  r e c e n t .  i l p p r o p r i a t e  a c t i o n  on 
a:] i n t e r n a t i o n a l  l e v e l  t o  d e a l  w i t h  t h e  worldr.,lide d e f i c i e n c i e s  i n  t h e  
~ e r f o r m a r , c e ' o f  i r r i g a t i o n  sys tems i s  u r g e n t l y  r e q u i r e d .  
The Study Team f e e l s  t h a t  a p o i n t  h a s  been r e a c h e d  t k a t  the  CGIhR must 
d e c i d e  how t o  comple te  t h e  t a s k  t h a t  i t  h a s  assumed. E i t h e r  by t iupport-  
i n s  t h e  approach  h e r e i n  d e s c r i b e d  o r ,  f a i l i n g  that: ,  i t  shou ld  no t  d rop  
t h e  m a t t e r  u n l e s s  aitd unt i .1  some o t h e r  s p o n s o r  h a s  t aken  on t h e  respon-  
s i b i l i t y .  
(1 
On b e h a l f  of  t h e  Study Team I shou ld  l i k e  t o  acknowledge our  d e b t  of 
g r a t i t u d e  t o  t h e  S t e e r i n g  Committee and t h e  TAC S e c r e t a r i a t  f o r  t h e l r  
s u p p o r t  i n  c a r r y i n g  o u t  our  t a s k .  
Yours s i n c $ r e l y ,  
TAC S t l ~ d : v ' / ' l l ~ a ~ ~ ~  on T , , ! a t ~ ~ ~  >lnnagcmcn t , 
Ir.  F ; E .  S c l ~ u l z c  
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SUFDlARY OVERVIEW 
The T e c h n i c a l  Advisory Commit t e e  (TAC) of t h e  C o n s u l t a t i v e  Group on 
I n t e r n a t i o n a l  A g r i c u l t u r a l  Research (CGIAR) h a s  comnis s i o n e d  a  3-person 
Study Team 'to r e p o r t  on w a t e r  management r e s e a r c h  and t r a i n i n g .  I t s  
terms of r e f e r e n c e  i n c l u d e  i n v e s t i g a t i f l g  c u r r e n t  r e s e a r c h  and t r a i n i n g ,  
i d e n t i f y i n g  gaps  and needs ,  and i f  a p p r o p r i a t e ,  p r o p o s i n g  a c t i o n .  Coun- 
t r i e s  v i s i t e d  i n c l u d e  F r a n c e ,  Mexico, I n d i a ,  P a k i s t a n ,  The P h i l i - p p i n e s ,  
S e n e g a l ,  Sudan, t h e  Uni ted Kingdom, and t h e  U.S.A. Besides  n a t i o n a l  
depar tments  and a g e n c i e s ,  t h e  Study Team h a s  a l s o  c o n s u l t e d  r e p r e s e n t a -  
t i v e s  of 3 number o f  i n t e r n a t i o n a l  o r g a n i z a t i o n s ,  p r i v a t e  o r g a n i z a t i o n s  
and nurnerous i n d i v i d u a l s .  The p r o p o s a l s  which f o l l o w  have been developed 
through t h e s e  d i s c u s s i o n s ,  b u t  a r e  t h e  r e s p o n s i b i l i t y  of t h e  members of 
t h e  Study Team a l o n e ,  s e r v i n g  i n  t h e i r  i n d i v i d u a l  c a p a c i t i e s .  
The impor tance  of i r r i g a t i o n  and d r a i n a g e  i s  i n d i c a t e d  by i t s  c u r r e n t  
s c a l e  and a s s o c i a t e d  a g r i c u l t u r a l  p r o d u c t i o n ,  by p r o j e c t e d  i n c r e a s e s  and 
i n v e s t m e n t ,  and by i t s  s o c i a l  s i g n i f i c a n c e .  Of o v e r  200 m i l l i o n  h e c t a r e s  
i r r i g a t e d  i n  t h e  world  i n  1979 ,  o v e e  70 p e r  c e n t  were  i n  22 deve lop ing  
c o u n t r i e s .  The l i v e l i h o o d s  o f  800-1000 m i l l i o n  p e o p l e  i n  deve lop ing  
c o u n t r i e s  depend d i r e c t l y  on i r r i g a t e d  a g r i c u l t u r e .  One e s t i m a t e  i s  t h a t  
i n  A s i a ,  i n v e s t m e n t  i n  new i r r i g a t i o n  i n  t h e  n e x t  dccade cou ld  b e  of t h e  
o r d e r  of $75 t o  $100 b i l l i o n .  S r i  Lanka, I n d i a  and blexico a r e  amone t h e  
c o u n t r i e s  p r o j e c t i n g  a doubl ing  of i r r i g a t e d  a r e a  by t h e  end of t h e  cen- 
t u r y .  ? lorcover ,  i r r i g a t i o n  has  enormous soc ia l .  s i g n i f i c a n c e .  W i t 1 1  poor  
management, i t  can  have s e v e r e  a d v e r s c  e f f e c t s ,  e s p e c i a l l y  through 
w a t e r l o g g i n g ,  s a l i n i t y ,  and t h e  s p r e a d  of wa te rborne  and w a t e r - r e l a t e d  
d i s e a s e s .  With good management, i t  can have an  immense impact  on produc- 
t i o n  and w e l f a r e  - i n c r e a s i n g  o u t p u t ,  r a i s i n g  incomes, employment and 
wages, r e d u c i n g  f a r m e r s '  r i s k s ,  and r e s t r a i n i n g  n l i g r a t i o n  t o  overcrowded 
toc\ms. 
The p r o d u c t i o n  p o t e n t i a l  from i r r i g a t i o n  i s  i n d i c a t e d  by c u r r e n t  y i e l d s  
and e f f i c i e n c i e s .  Country-wide a v e r a g e  y i e l d s  of paddy (rough r i c e )  i n  
t h e  r a n g e  from 1.5 - 3.0 tons  p e r  h a r v e s t e d  i ~ e c t a r e  r e f l e c t  r a i n f e d  con- 
d i t i o n s  and i r r i g a t i o n  w i t h  i n a d e q u a t e  c o n t r o l ,  w h i l e  averages  of 5 . 0  - 
6 .0  r e f l e c t  a lmos t  complete  coverage  by i r r i g a t i o n ,  and advanced w a t e r  
management p r a c t i c e s .  I r r i g a t i o n  e f f i c i e n c i e s ,  d e f i n e d  a s  t h e  amount of 
w a t e r  d e l i v e r e d  t o  t h e  r o o t  zones of t h e  c r o p s  a s  p e r c e n t a g e  of t h e  
m o u n t  d i v e r t e d ,  have been found t o  average  a b o u t  30 p e r  c e n t  o n l y ,  
w h i l e  well-managed systems have e f f i c i e n c i e s  of 60 p e r  c e n t  o r  more and 
a l s o  a l l o w  f o r  h i g h e r  c ropp ing  i n t e n s i t i e s .  
Poor performance i s  o f t e n  l i n k e d  w i t h  s e v e r e  d e f i c i e n c i e s  i n  i r r i g a t i o n  
b 
management. These a r i s e  from i n a d e q u a t e  p l a n n i n g  (wi th  narrow objec-  
... 
t i v e s ,  l a c k  of r e a l i s m ,  and n e g l e c t  of n o n - i r r i g a t i o n  a s p e c t s ) ,  from 
d e f e c t s  i n  d e s i g n  ( n e g l e c t i n g  requ i rements  f o r  f l e x i b l e  o p e r a t i o n ,  on- 
f a n 3  development,  and d r a i n a g e ) ,  and e s p e c i a l l y  from d e f i c i e n c i e s  i n  
o p e r a t i o n  and maintenance ( i n c l u d i n g  f a n n e r s '  p a r t i c i p a t i o n ,  t h e  d i s -  
t r i b u t i o n  of w a t e r ,  and f i n a n c i n g  m a i n t e n a n c e ) .  
Good i r r i g a t i o n  management r e q u i r e s  a  m u l t i d i s c i p l i n a r y  approach,  b u t  
s p e c i a l i s a t i o n  l e a d s  away from t h i s .  I n  p a r t i c u l a r ,  c i v i l  e n g i n e e r i n g  
t r a i n i n g  and p r o f e s s i o n a l  f o r m a t i o n  reward and v a l u e  c o n s t r u c t i o n  and 
n e g l e c t  and u n d e r v a l u e  t h e  v i t a l  a c t i v i t i e s  of o p e r a t i o n .  
Ac t ions  a r e  underway i n  most c o u n t r i e s  t o  remedy t h e  d e f i c i e n c i e s  b u t  
must bc  g r e a t l y  s t r c n g t h c n c d  and a c c e l e r a t e d  i f  t h e  e s s e n t i a l  food and 
s o c i a l  t a r g e t s  which can be  ach ieved  th rough  i r r i g a t e d  a g r i c u l t u r e  a r e  
t o  be met .  Many c u r r e n t  d e f i c i e n c i e s  i n  i r r i g a t i o n  management a r e  l i n k e d  
w i t h  i n s t i t u t i o n a l  problems. I n s  t i  t u t i o n a l  changes  a r e  a n a t i o n a l  con- 
c e r n  and . r e s p o n s i b i l i t y  bu,t o u t s i d e  s u p p o r t  c a n  encourage and c a t a l y s e  
change i n  c o n d i t i o n s  f a v o u r a b l e  t o  d o l l a b o r a t i o n  and where t h i s  i s  
a c c e p t a b l e .  
blany of t h e  c u r r e n t  e f f o r t s  i n  r e s e a r c h ,  t r a i n i n g ,  and i n f o r m a t i o n  f o r  
i r r i g a t i o n  management have t h e  narrow f o c u s  of a  s i n g l e  d i s c i p l i n e  o r  
group of d i s c i p l i n e s .  There  a r e  n o t a b l e  e x c e p t i o n s  b u t  t h e s e  do n o t ,  and 
cannot  be  expec ted  t o ,  cover  a l l  t h e  gaps and needs  f o r  r e s e a r c h ,  t r a i n -  
i n g  and i n f o r m a t i o n  i n  t h e i r  f u l l  m u l t i d i s c i p l i n a r y  and i n t e r n a t i o n a l  
scope  and r a n g e  of a s p e c t s .  
Three  p r i n c i p l e s  u n d e r l i e  a n  e f f e c t i v e  approach t o  improving i r r i g a t i o n  
management: 
- a n a l y s i s  o f  whole sys tems ,  n o t  j u s t  p a r t s ;  
- m u : l t i d i s c i p l i n a r i t y ;  
- f i e l d  o r i e n t a t i o n .  
A g a i n s t  t h i s  background t h e  Study Team h a s  i d e n t i f i e d  t h e  f o l l o w i n g  
a r e a s  where a n  i n t e r n a t i o n a l  e f f o r t  h a s  a key r o l e  i n  s u p p o r t i n g  
n a t i o n a l  a c t i v i t i e s  a s  w e l l  a s  a c t i v i t i e s  a p p l i c a b l e  t o  a l l  c o u n t r i e s  
r a t h e r  than  t o  a  s i n g l e  c o u n t r y .  These a r e :  
- s u p p o r t  t o  and c o o p e r a t i o n  w i t h  n a t i o n a l  a g e n c i e s  i n  act ion research 
i n  e x i s t i n g  i r r i g a t i o n  p r o j e c t s ;  
- resecrch on practices for i r r i ga t i on  mmarjement-, i n c l u d i n g  d i a g n o s t i c  
a n a l y s i s ,  i n f o r m a t i o n  sys tems  f o r  m o n i t o r i n g  and f o r  sys tem manage- 
ment ,  w a t e r  s c h e d u l i n g  and d e l i v e r y ,  i n s t i t u t i o n a l  development ,  and 
p l a n n i n g  and d e s i g n ;  
- t _ ~ ? z ? : ~ , i ~ . g  f o r  p r o f e s s i o n a l  development;  
- disseminati i~g selected infornlaticn, and e:.:cl~ange of e x p e r i e n c e s  i n  
i r r i g a t i o n  management; 
- c o n c l u d i n g  s t u d i e s  t o  d e t e r m i n e  p r i o r i t i e s  f o r  more r a p i d  r e a l i z a t i o n  
of i r r i g a t i o n  p o t e n t i a l s  world  wide.  
.Spec ia l  a t t e n t i o n  i s  proposed t o  a c t i o n  r e s e a r c h  a s  a  v e h i c l e ,  mechanism 
and s p u r  f o r  o t h e r  a c t i v i t i e s .  A c t i o n  r e s e a r c h  i n v o l v e s  d i a g n o s t i c  
a n a l y s i s ,  i d e n t i f i c a t i o n  of i n t e r v e n t i o n s ,  benchmark s t u d i e s ,  experimen- 
t a l  t r e a t m e n t s  w i t h  m o n i t o r i n g ,  d e r i v i n g  l e s s o n s  and s o l u t i o n s ,  and then 
e s t e n d i n g  t h e s e  more w i d e l y .  The b e n e f i t s   fro^ good a c t i o n  r e s e a r c h  i n  
The P h i l i p p i n e s ,  P a k i s t a n  and e l s e w h e r e  have been h i g h ,  and t h e  n e t h o d s  
d e s e r v e  r a p i d  di.velopment and d i s s e m i n a t i o n .  
To promote and implement t h e  a c t i v i t i e s ,  t h e  S tudy  Team reconmiends an  
Intel~crtiolzaZ Ir?3-i:7cri'i~?z ?,!anag~)nent Inst i t tctc o r g a n i z e d  a long  t h e  l i n e s  
of a n  i n t e r n a t i o n a l  network.  
The s u p p o r t  of t h e  Ins-f;?:tt~te t o  n a t i o n a l  a c t i v i t i e s  .i.~ould be  b o t h  i n -  
d i r e c t  and d i r e c t .  I n d i r e c t  s u p p o r t  i n c l u d e s  ;-in i n f o r m a t i o n  network,  a  
n e t v o r k  t o  l i n k  t o g e t h e r  e x i s t i n g  a c t i o n  r e s e a r c h ,  and workshops and 
s e m i n a r s .  D i r e c t  involvement  and s u p p o r t  would i n c l u d e  v a r i o u s l y  funded 
a c t i o n  r e s e a r c h ,  and s t a f f  s u p p o r t  f o r  n a t i o n a l  i n s t i t u t e s  of  i r r i g a t i o n  
.management and £01- r e g i o n a l  t r a i n i n g .  I n d i r e c t  s u p p o r t  would be  r e l a -  
t i v e l y  q u i c k  and e a s y  t o  mount, r e q u i r i n g  a  minimum of r e c o n n a i s s a n c e  
and n e g o t i a t i o n ,  and i s  s t r o n g l y  recommended. Gut i n  i t s e l f  i t  i s  un- 
l i k e l y  t o  a c h i e v e  t l le  d e s i r e d  impac t .  D i r e c t  s u p p o r t  i s  t h c r c f o r e  
recormcndcd t o  c o ~ l n r r i c s  t h a t  rcqrles t i r .  
The Study Team proposes  t h a t  a p a r t i c u l a r  c o u n t r y ' s  in-\rol\rcr!lent can b e  
a t  a  number of d i f f e r e n t  l e v e l s ,  a c c o r d i n g  t o  wiiether i t  p a r t i c i p a t e s  
i n  an i n f o r m a t i o n  a n d / o r  a c t i o n  r e s e a r c h  ne twork ,  whe the r  f u n d s  o r  s t r l l i  
a r e  p r o v i d e d  f o r  a c t i o n  r e s e a r c h ,  and whether  a  n a t i o n a l  i n s r i t u t c  o r  
r e g i o n a l  t r a i n i n g  a r e  s u p p o r t e d .  
S i x  ~ o s s i b l e  d e g r e e s  of involvement  a r e  shown i n  t h e  a t t a c h e d  c h a r t .  For  
a  p a r t i c u l a r  c o u n t r y ,  t h e  d e g r e e  of  involvement w o ~ i l d  b e  l a r g e l y  accord-  
i n g  t o  t h e  d e s i r e s  of  t h a t  c o u n t r y ,  s u b j e c t  however t o  n e g o t i a t i o n  and 
agreement  w i t h  t h e  I n s t i t u t e .  The d e g r e e  of involvement  cou ld  a l s o  in -  
c r e a s e  and d e v e l o p  o v e r  t ime.  
To c a r r y  o u t  i t s  t a s k s ,  t h e  I n s t i t u t e  would have a  s m a l l  i n t e r d i s c i p l i n -  
a r y  ' c o r e  s t a f f '  of  some 8-12 p r o f e s s i o n a l s  p l u s  a  f i e l d  s t a f f  which 
would b e  b u i l t  up g r a d u a l l y ,  depending on agreements  r eached  w i t h  a num- 
b e r  of p a r t i c i p a t i n g  c o u n t r i e s .  The c o r e  s t a f f  would b e  on a  t r a v e l  
s t a t u s  d u r i n g  a b o u t  a  t h i r d  of t h e i r  t ime.  
The h e a d q u a r t e r s  of  t h e  I n s t i t u t e  would c o n s i s t  of o f f i c e s  o n l y  w i t h o u t  
any f u r t h e r  p h y s i c a l  i r r i g a t i o n  f a c i l i t i e s ,  i n  which r e s p e c t  i t  d i f f e r s  
from t h e  e x i s t i n g  c e n t r e s  of t h e  C G I A R  sys tem ( e x c e p t  f o r  ISNAR, IBPGR, 
and IFPRI) .  T h i s  i s  s o  s i n c e  a c t i o n  r e s e a r c h  would b e  c a r r i e d  o u t  on 
a c t u a l  i r r i g a t i o n  sys tems .  I n  p r a c t i c e ,  t h e  cornand a r e a  covered by ac- 
t i o n  r e s e a r c h  w i l l  o f t e n  be i n  t h e  range  o f ,  s a y ,  100 t o  10,000 h e c t a r e s .  
The Governing Board of t h e  I n s t i t u t e  would it-,:lude: ( a )  r e p r e s e n t a t i v e s  
- 
of t h e  donor  o r g a n i z a t i o n s ;  (b)  r e p r e s e n t a t i v e s  of l e a d i n g  
i r r i g a t i o n  d e v e l o p i n g  c o u n t r i e s ;  and (c). p r o f e s s i o n a l s  i n  t h e i r  p e r s o n a l  
c a p a c i t y  who have had p e r t i n e n t  e x p e r i e n c e  i n  p l a n n i n g ,  r e s e a r c h ,  t r a i n -  
i n g  o r  o p e r a t i o n  of  i r r i g a t i o n  s y s t e m s .  S i n c e  t h e  Governing Board might  
have a s  many a s  20 members, i t  r ~ o u l d  n o t  bc  i e a s i b l e  f o r  i t  t o  meet more 
than once  a  y e a r .  I t  might  t h e r e f o r e  b e  a d v i s a b l e  t o  liave a  Program 
Comqi t t ee  of  s a y  6 members made up of  p e r s o n s  a s  undcr  ( c ) .  I t  might  be  
p o s s i b l e .  For t h e s e  pe r sons  t o  s c r v c  botll on t11c Governing Board arid t h e  
Program Committee. 
The t o t a l  c o s t s ,  once  i n  f u l l  o p e r a t , i o n ,  would amount t o  4 . 5  r i l i l l ion  US 
1982 d o l l a r s  p e r  annum. 
I n  t h e  S tudy  Tearn's v iew t h e  approach  proposed w i l l  no doubt  have t o  be  
improved and nlodif icd  o v e r  t ime.  The a p p r o ~ ~ c l i  i s  n o t  w i t h o u t  r i s l c ,  b u t  
s i n c e  t h e  c o s t s  of d e l a y  a r e  a l s o  v e r y  h i g h ,  i t  i s  a  r i s k  which s h o u l d  
be  t a k e n .  
I n c r e a s i n g  l e v e l s  of I I I I11 I V  V V I  
invo lvement  
I n f o r m a t i o n ,  s e m i n a r s ,  
workshops X - X  X X X X 
A c t i o n  r e s e a r c h  i n  
ne twork  
A c t i o n  r e s e a r c h  
a c t i v e l y  s u p p o r t e d  
T r a i n i n g  p a r t i a l l y  
funded 
Regiona l  T r a i n i n g  x (-1 
Suppor t  f o r  n a t i o n a l  
i r r i g a t i o n  nanazement  - 
c e n t r e  
I n t e r n a t i o n a l  s t a f f :  
v i s i t s  X X X X X X 
i n  r e s i d e n c e  - - 0-2 ' 1-2 1-3 2-4 
The number o f  o u t p o s t e d  i n t e r n a t i o n a l  s t a f f  i n  each  c o u n t r y  i n v o l v e d  
would t h u s  v a r y  from none t o  f o u r .  The  number c o u l d ,  however,  be r a i s c d  
i f  f u n d i n g  and agreements  were f o u r t h  coming. 
I 
D e f i n i t i o n s  
' I r l i gaS ion f  th roughout  i n c l u d e s  d r a i n a g e  ( s u r f a c e  and s u b - s u r f a c e )  and 
may a l s o  i n c l u d e  f l o o d  c o n t r o l ,  i f  works t o  p r e v e n t  o r  r e d u c e  f l o o d  dam- 
age a r e  c o n s i d e r e d  e s s e n t i a l  f o r  r e a l i s a t i o n  of i r r i g a t i o n  b e n e f i t s .  
'Irrigation management' i s  used t o  r e f l e c t  t h e  Study Team's emphasis 
t h a t  improved i r r i g a t i o n  performance depends on t h e  management n o t  o n l y  
of w a t e r ,  b u t  of i r r i g a t i o n  systems a s  a  whole ,  i n c l u d i n g  t h e  managenent 
of i n f o r m a t i o n  and c o n t r o l s ,  of peop le  - b o t h  f a m j e r s  and t h o s e  who work 
i n  i r r i g a t i o n  o r g a n i s a t i o n s ,  and of o t h e r  i n p u t s  b e s i d e s  w a t e r .  As 
i n d i c a t e d  i n  t he  terms ' w a t e r  management' and ' i r r i g a t i o n  w a t e r  manage- 
ment '  i n  t h e  terms of r e f e r e n c e ,  w a t e r  remains  t h e  c e n t r a l ,  though n o t  
e x c l u s i v e ,  f o c u s  of a t t e n t i o n .  
'!.:airr system and on-farm system'. I n  t h e  a n a l y s i s  which f o l l o w s ,  t h o  
Study Team a d o p t s  t h e  normal d i s t i n c t i o n  between t h e  main s y s  tem and t h e  
on-farm system.  The main sys tem i s  t h e  network of c a n a l s ,  branch c a n a l s ,  
d i s t r i b u t a r i e s  and minors down t o  t h e  o u t l e t ,  known v a r i o u s l y  a s  the 
chak i n  p a r t s  of I n d i a ,  t h e  mogha i n  P a k i s t a n ,  and t h e  meska ( f a r m e r ' s  
head d i t c h )  i n  Egypt.  The o u t l e t  s e p a r a t e s  t h e  c a n a l  sys tem u s u a l l y  
c o n t r o l l e d  by a n  i r r i g a t i o n  o r g a n i z a t i o n ,  and t h e  on-farm system nor-  
m a l l y  c o n t r o l l e d  by fa rmers .  On s m a l l e r  sys tems ,  o f t e n  d e s c r i b e d  a s  
cornmunals, t h e  fa rming  community c o n t r o l s  t h e  whole sys tem.  
v i i i  
Growing s e a s o n s  and r i ce -g rowing  s c h e d u l e s  
Rabi season: October  t o S A p r i l .  Cool p e r i o d  c r o p s .  I r r i g a t i o n  r e q u i r e d  
because  of  low r a i n f a l l .  I m p o r t a n t  c r o p s :  whea t ,  b a r l e y .  
k%arif season: Apr i l -Oc tober .  Hot p e r i o d  c r o p s ,  w i t h o u t  i r r i g a t i o n  where 
monsoon r a i n s  a r e  adequa te .  I m p o r t a n t  c r o p s :  C o t t o n ,  sorghum, r i c e .  
Aus: T r a n s p l a n t e d  o r  b r o a d c a s t  r i c e ,  Piarch t o  mid-June. O f t e n  w i t h o u t  
i r r i g a t i o n ,  o t h e r w i s e  supp lementa l .  
Aman: Broadcas t  o r  t r a n s p l a n t e d  r i c e ,  August t o  mid-November. Deep w a t e r  
r i c e  sometimes much e a r l i e r  a l r e a d y .  Without  o r  w i t h  s u p p l e m e n t a l  i r r i -  
g a t i o n  on ly .  
Boro: T r a n s p l a n t e d  r i c e ,  December-February, u s u a l l y  f u l l y  i r r i g a t e d .  
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INTRODUCTION 
Water management h a s  been a  s u b j e c t  of d i s c u s s i o n  by t h e  TAC s i n c e  i t s  
f i r s t  m e e t i n g  i n  J a n u a r y  1971. S e v e r a l  r e p o r t s  p r e p a r e d  by t h e  I n t e r -  
n a t i o n a l  Development Research C e n t r e  (IDRC) (0 t t a w a ,  Canada) were  f o r -  
warded t o  and d i s c u s s e d  by t h e  TAC i n  t h e  e a r l y  s e v e n t i e s .  
A t  t h e  r e q u e s t  of t h e  TAC, FA0 p r e p a r e d  a  r e v i e w  on Research Nceds o n  . 
Water Use and Mansgement i n  1976.  
A r e p o r t  on r e s e a r c h  and t r a i n i n g  needs  i n  t h e  f i e l d  of w a t e r  manage- 
ment ,  p r e p a r e d  f o r  t h e  TAC by a n  I D R C  team of c o n s u l t a n t s ,  headed by 
S i r  C h a r l e s  P e r e i r a ,  was d i s c u s s e d  i n  t h e  TAC mee t ing  i n  J u l y  1979.  As 
a  number of p o i n t s  i n  t h e  p r o p o s a l  r e q u i r e d  f u r t h e r  e l a b o r a t i o n  by t h e  
TAC, i t  was dec ided  t o  e s t a b l i s h  a  Sub-committee f o r  t h i s  purpose .  With 
t h e  h e l p  of  t h e  Sub-committee t h e  TAC f o l m u l a t c d  a p r o p o s a l  f o r  t h e  
e s t a b l i s h m e n t  of  a n  I n t e r n a t i o n a l  I n s t i t u t e  f o r  Water Planagement 
Research and T r a i n i n g .  
T h i s  p r o p o s a l  was forwarded t o  and d i s c u s s e d  by t h e  CGIAR d u r i n g  i t s  
I n t e r n a t i o n a l  C e n t r e s  Week and C o n s u L t a t i v e  Group mee t ing  i n  Elanila i n  
October  1980. I n  tile meet ing g e n e r a l  agreement  emerged t h a t  i r r i g a t i o 1 l  
w a t e r  management d e s e r v e s  h i g h  p r i o r i t y  f o r  c o n s i d e r a t i o n  by t h e  Con- 
s u l t a t i v e  Group, b u t  doub t s  were  e x p r e s s e d  a s  t o  t h e  concep t  of  t h e  
p r o p o s a l ,  p a r t i c u l a r l y  i n  r e s p e c t  t o  i t s  i n s t i t u t i o n a l  model. Two nlni.11 
r e a s o n s  were  g i v e n :  
- t h e  problems of i r r i g a t i o n  ninnagc.ment a r e  main ly  l o c a t i o n - s p e c i f i c ;  
- r e c o g n i z i n g  t h e  nced f o r  i n c r e a s e d  e f f o r t ,  i t  was f e l t  t h a t  t h i s  
sl lould b e  met by s t r e n g t h c n i u g  n a t i o n a l  and on-going i n t e r n a t i o n a l  
a c t i v i t i e s .  
The C o n s u l t a t i v e  Group sugges ted  t h e  f o r m a t i o n  of  a s m a l l  s p e c i a l i s t  team 
t o  a s s i s t  t h e  TAC i n  i t s  c o n s i d e r a t i o n  of  a p p r o p r i a t e  a l t e r n a t i v e  i n s t i -  
t u t i o n a l  models .  
I n  i t s  mee t ing  i n  ~ e b r u a r y / M a r c h  1381, t h e  TAC a g r e e d ,  b u t  asked f o r  more 
s p e c i f i c  g u i d a n c e  from t h e  C G I A R  d o n o r s ,  w i t h  a n  i n d i c a t i o n  of t h e i r  pos- 
s i b l e  commitments. To t h i s  end a n  ad-hoc m e e t i n g  was h e l d  on J u l y  20,  
1981 i n  Washington.  
 his mee t ing  conf i rmed  t h e  C G I A R  i n t e r e s t  i n  i r r i g a t i o n  w a t e r  management, 
b u t  t h e r e  was no consensus  on t h e  t y p e  of  o r g a n i z a t i o n  w i t h i n  t h e  CGIAR 
sys tem t o  implement a  new i n t e r n a t i o n a l  i n i t i a t i v e .  There  was a p r e s s i n g  
s u p p o r t  f o r  a  c o m p a r a t i v e l y  modest a c t i v i t y  r e q u i r i n g  3-5 m i l l i o n  d o l l a r s  
a y e a r .  
The d r a f t  te rms of  r e f e r e n c e  f o r  a  s t u d y  were  d i s c u s s e d  and amended i n  
l i n e  w i t h  t h e  consensus  t h a t  had been  r e a c h e d  ( s e e  Annex I ) .  
The s t u d y  was e n t r u s t e d  t o  a  3-person Study T e m ,  gu ided  by a  TAC S t e e r -  
i n g  Group on Water Management ( f o r  compos i t ion  s e e  Anne:.: 2 ) .  
The S tudy  Team s t a r t e d  i t s  work on 5 October  1931 a t  t h e  TAC S e c r c r a r i a t  
i n  iione. X f i r s t  mee t ing  L ~ i t h  t h e  S t e e r i n g  Group took  p l a c e  on 15 and 16 
October  and a  second meet ing on 1 1  and 12 F e b r u a r y  1982. I n  behJe.cn t h e  
Study Team v i s i t e d  a  number of c o u n t r i e s  i n c l u d i n g  P a k i s t a n ,  I n d i a ,  The 
P h i l i p p i i ~ e s  , Sudan,  Senc,gcll and Ncxico.  In clddi t i o n  t h e  Study 'l'cam con- 
s u l t e d  a  g r e a t  number of n a t i o n a l  and i n t e r n a t i o n a l  o r g a n i z a t i o n s .  
Because of a  s e r i o u s  t ime  c o n s t r a i n t  i t  i s  n o t  p o s s i b l e  t o  g i v e  a  f u l l  
a c c o u n t  of a l l  t h e  d i s c u s s i o n s  and of t h e  v e r y  v a l u a b l e  remarlcs and sug- 
g c s  t i o n s  which have been mhde t o  t h e  Study Tear.>, a l t h o u g h  t h e s e  have been 
t aken  i n t o  accoun t  i n  £01-niulating t h e  p r o p o s a l  p r e s e n t e d  h e r e i n .  The 
r e s p o n s i b i l i ~ y  f o r  t he  p r o p o s a l  r e m a i n s ,  h o ~ . ~ e v e r ,  w i t h  t h e  mcmbcrs of t h e  
Study Team, s e r v i n g  i n  t h e i r  i n d i v i d u a l  c a p a c i t i e s .  
THE IPVORTANCE OF IRRIGATION 
This  c h a p t e r  d i s c u s s e s  t h e  s i g n i f i c a n c e  of i r r i g a t i o n ,  and of i t s  
c u r r e n t  and p o t e n t i a l  c o n t r i b u t i o n  t o  a g r i c u l t u r a l  p r o d u c t i o n  and s o c i a l  
- j u s t i c e .  
- 
2 . 1  O b j e c t i v e s  
The fundamental  o b j e c t i v e  of i r r i g a t i o n ,  a s  of a l l  devel.opmeut, i s  t o  
improve c o n d i t i o n s  and q u a l i t y  of l i f e ,  e s p e c i a l l y  f o r  t h o s e  who a r e  
p o o r e r .  On i n d i v i d u a l  i r r i g a t i o n  sys tems t h i s  c a n  b e  ach ieved  t h r o u g l ~  
- , enhancing prodxct iv i ty ,  p a r t i c u l a r l y  of w a t e r ;  
- improving cqu;ty of w a t c r  d i s t r i b u t i o n ;  
- m a i n t a i n i n g  long-  term environmental s t a b i l i t y  ; 
- o t h e r  measures  t o  maximisc p o s i t i v e  and m i n i m i s e  n e g a t i v e  e f f e c t s  on 
t h e  qua l i t y  of Zi fe .  
I n  rev iewing  t h e  impor ' tance and p o t e t i t i a l  of i r r i g a t i o n ,  t h e  Study Team 
t a k e s  t h e s e  o b j e c t i v e s  a s  c e n t r a l .  
2 . 2  Food P r o d u c t i o n  Needs 
The I n t e r n a t i o n a l  Food P o l i c y  Research I n s t i t u t e  ( IFPRI) '  h a s  e s t i m a t e d  
t h e  1990 food consumption r e q u i r e m e n t s  i n  36 low-income c o u n t r i e s  based 
on expec ted  p o p u l a t i o n  i n c r e a s e s  and t h r e e  l e v e l s  of  income growth: 
z e r o ,  low and h i g h .  Assuming t h a t  p r e s e n t  growth r a t e s  of p r o d u c t i o n  
c o n t i n u e ,  t h e s e  c o u n t r i e s  ( s e e  T a b l e  2 .1)  would p roduce  3 7 4  m i l l i o n  tons  
of food b u t  would t h e n  have  food d e f i c i t s  a c c o r d i n g  t o  t h e i r  l e v e l  of 
income growth a s  f o l l o w s  ( i n  m i l l i o n  t o n s ) :  
Consump t i o n  D e f i c i t  
Zero income growth 385 1 1  
Low income growth .430 5 6 
High income growth 448 7 4 
D e f i c i t s  i n  i n d i v i d u a l  c o u n t r i e s  would v a r y  i n  s e v e r i t y  a s  can  be  s e e n  
from T a b l e  2 .1 .  
The IFPRI r e p o r t  goes  on t4 e s t i m a t e  p o s s i b l e  i n c r e a s e s  i n  food produc- 
t i o n  from i r r i g a t e d ' a n d  from r a i n f e d  a r e a s  w i t h  r e s u l t s  a s  shov~n i n  
Tab le  2.1 . Two major  p o i n t s  emerge. F i r s t ,  even under  t h e  lot?-income- 
growth p r o j e c t i o n  many c o u n t r i e s  w i l l  remain  i n  d e f i c i t .  Second, t h e  
most populous  c o u n t r i e s  ( i n  As ia  and North Af r i ca /PI idd le  E a s t )  wi l l .  have 
t o  depend much more on i r r i g a t e d  r a t h e r  than  r a i n f e d  a g r i c u l t u r e .  
2.3 The S o c i a l  S i g n i f i c a n c e  of  ~ r r i g a t i o n  
The b e n e f i t s  of  a d e q u a t e  and r e l i a b l e  i r r i g a t i o n  w a t e r  s u p p l i e s  t o  poor  
f a rming  f a m i l i e s  a r e  d i f f i c u l t  t o  o v e r s t s t e .  The c o n t r a s t  between high-  
r i s k ,  l o w - p r o d u c t i v i t y  r a i n f e d  a g r i c u l t u r e  and l o w - r i s k ,  high-produc- 
t i v i t y  i r r i g a t e d  a g r i c u l t u r e  i s  o f t e n  d r a m a t i c .  With well-managed 
P e t e r  Ornrn, J u a n  Zapn ta ,  George Al ibnruho ,  and Shyamal Roy, I ? z ~ c s t -  
mant crnd Ixpzc t  Roqzc,irc:::c7rts for /IcceZsrati?q Food P ~ 0 i i i ! ~ t i 0 ? 2  i n  LQJ- 
Income Countries b y  1990 ,  Research Repor t  10, I n t e r n a t i o n a l  Food 
P o l i c y  Resea rch  I n s t i t u t e ,  Washington,  September 1979. R e f e r r e d  t o  
s u b s e q u e n t l y  a s  IFPRI 1979.  

i r r i g a t i o n  come s h a r p  i n c r e a s e s  i n  food s u p p l i e s  and income. With more 
t h a n  one c r o p  s e a s o n  a  y e a r ,  t h e  fa rm f a m i l y  g a i n s  food  and income a t  
s h o r t e r  i n t e r v a l s .  R i sks  of  food s h o r t a g e ,  i n d e b t e d n e s s  and impover ish-  
ment a r e  r educed .  There  i s  l e s s  need t o  m i g r a t e  s e a s o n a l l y  o r  t o  s u f f e r  
t h e  d i s r u p t i o n ,  f a m i l y  s e p a r a t i o n ,  and o b s t a c l e s  t o  c h i l d r e n ' s  e d u c a t i o n  
which m i g r a t i o n  o f t e n  e n t a i l s .  And r e l i a b l e  i r r i g a t i o n  opens  up oppor- 
t u n i t i e s  t o  b e n e f i t  from t h e  s y n e r g i s t i c  e f f e c t s  of new a g r i c u l t u r a l  
t echno logy .  
For  t h o s e  who a r e  l a n d l e s s ,  o r  who l i v e  p a r t l y  by l a b o u r i n g ,  r e l i a b l e  
i r r i g a t i o n  b r i n g s  employment and o f t e n  h i g h e r  wages.  M w  i r r i g a t i o n  
schexes  o f t e n  e n t a i l  l a n d  r e d i s t r i b u t i o n  and s e t t l e m e n t  of l a n d l e s s  
f a m i l i e s .  The v i s i b l e  p r o s p e r i t y  of many of t h e  a r e a s  ~ ~ h i c h  r e c e i v e  
r e l i a b l e  i r r i g a t i o n  demons t ra tes  t h e  o p p o r t u n i t i e s  f o r  a g r i c u l t u r a l -  
r e l a t e d  and n o n - a g r i c u l t u r a l  employment. 
The irr.proved l i v e l i h o o d s  and employment g e n e r a t i o n  p r o v i d e d  by w e l l -  
managed i r r i g a t i o n  d i s c o u r a g e  u rban  m i g r a t i o n  and p r o a o t e  m i g r a t i o n  i n t o  
t h e  i r r i g a t e d  a r e a s ,  bo th  s e a s o n a l  and f o r  l a s t i n g  s e t t l e m e n t .  Counter  
m i g r a t i o n  can a l s o  be  a t t r a c t e d  from c i t i e s .  Well-managed i r r i g a t i o n  
thus  h e l p s  n o t  onl l f  t h e  r u r a l  poor ,  b u t  a l s o  t h e  poor  i n  u r b a n  a r e a s  by 
r e d u c i n g  t h e  p r e s s u r e  on u rban  employment o p p o r t u n i t i e s  and a m e n i t i e s .  
Adverse  e f f e c t s  a l s o  o c c u r ,  e s p e c i a l l y  where  i r r i g a t i o n  s y s t e m s  a r e  
p o o r l y  managed. L i v e l i h o o d s  may b e  impa i red  and whole a r e a s  even iillpov- 
e r i s h c d  th rough  w a t e r l o g g i n g  and s a l i n i t y ,  f o r c i n g  o u t m i g r a t i o n  and 
p r e s s u r e  on employment and wages e l sewhere .  So~net imcs  t h e  a d d i t i o n a l  
work generaced  by  i r r i g a t i o n  may p l a c e  e x c e s s i v e  burdens  on fnnl i ly  
members. F o r  example,, women may have t o  work h a r d e r  i n  l e s s  h e a l t h y  
c o n d i t i o n s .  P o o r l y  p lanned o r  managed i r r i g a t i o n  s c h e n e s  can  liave ad- 
v e r s e  h e a l t h  e f f e c t s  through t h c  b r e e d i n g  of v e c t o r s  f o r  d i s e a s e s  such 
a s  s c h i s t o s o n ~ i a s i s  and m a l a r i a .  These can be  reduced  t l i r o u ~ h  good p lan-  
n i n g  and good manngcment, and p r o v i s i o n  can  bc made f o r  n o n - a g r i c u l t u r a l  
b e n e f i t s  from i r r i g a t i o n ,  such  a s  washing and o t h e r  d o m e s t i c  u s e s .  
2.4 , The S c a l e  aud S i g n i f i c a n c e  of I r r i g a t i o n  and  P r o d u c t i o n  
For  n a t i o n a l  econoniies, t h e  s i g n i f  i c a n c e  of proc!uction from i r r i g a t i o n  
i n c l u d e s  food s e c u r i t y  from l a r g e r  and more r e l i a b l e  c r o p  p r o d u c t i o n ;  
r e l a t i v e  e a s e  i n  d c v e l o p i n g  and m a i n t a i n i n g  b u f f e r  s t o c k s  of food ;  
s a v i n g s  of f o r e i g n  exchange o t h e r w i s e  r e q u i r e d  f o r  food and f i b r e  
i m p o r t s ;  f o r e i g n  exchange e a r n i n g s  from i r r i g a t i o n - b a s e d  e x p o r t s ;  and 
g e n e r a l  s u p p o r t  f o r  economic d i v e r s i f i c a t i o n  and development.  
The s c a l e  of i r r i g a t i o n ,  a c c o r d i n g  t o  T a b l c  2 .2  (from 1980 FA0 Produc- 
t i o n  Yearbook) ,  was 206 m i l l i o n  h a  w o r l d ~ a i d e  i n  1979 r e p r e s e n t i n g  15 
p e r  c e n t  of t h e  a r e a  c u l t i v a t e d .  T h i s  p e r c e n t a g e  i s  h i g h e r  i f  a r e a s  w i t h  
d r a i n a g e  and f l o o d  p r o t e c t i o n  f a c i l i t i e s  b u t  no i r r i g a t i o n  a r e  
i n c l u d e d .  1 
The major r e l a t i v e  impor tance  of i r r i g a t i o n  t o  d e v e l o p i n g  c o u n t r i e s  i s  
i n d i c a t e d  by T a b l e  2 . 2 .  No l e s s  than 152 m i l l i o n  h a  ( 7 4  p e r  c e n t  of t h e  
206 m i l l i o n  h a )  a r e  l o c a t e d  i n  d e v e l o p i n g  c o u n t r i e s ,  i n c l u d i n g  China.  
Grouping t h e  d e v e l o p i n g  c o u n t r i e s  by r e g i o n  and a c c o r d i n g  t o  e x t e n t  of 
a r e a ,  t h o s e  w i t h  1 m i l l i o n  o r  more h e c t a r e s  a r e  shown i n  T a b l e  2.3.  
Some s t a t i s t i c s  f o r  t h e  e f f e c t  of i r r i g a t i o n  on p r o d u c t i o n  i n  s e v e r a l  
l e a d i n g  c o u n t r i e s  of Sou th  As ia  a r e  g i v e n  i n  T a b l e  2 . 4 .  For  Sou th  A s i a  
a s  a whole ,  o v e r  213 of t h e  p r o d u c t i o n  i n c r e a s e  i n  c e r e a l  p r o d u c t i o n  i n  
1962-1980 h a s  been due t o  i r r i g a t i o n .  
According t o  R.  Darvts-Bornoz,  P r e s i d e n t ,  I C I D ,  t h i s  nay amount t o  
150 m i l l i o n  h a ,  s e e  J~umlaZ of flild2?clliZ.i~ R C S C ~ ? ~ ~ C ; L  19 (1981)  No. 4 .  
Table 2 . 2 .  Irrigation in t h e  World 
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T a b l e  2.3. Developing c o u n t r i e s  w i t h  over  1 m i l l i o n  h e c t a r e s  i r r i g a t e d  
E a s t  As ia  
China 
Vietnam 
Korea Republ ic  
Korea DPR 
South As ia  
I n d i a  
P a k i s t a n  
Bangladesh 
Sou t h e a s  t As ia  
I n d o n e s i a  
T h a i l a n d  
P h i  l i p p  l n e s  ' 
Burma 1 .O 
Middle E a s t  and North A f r i c a  
I r a n  5 .9  
E ~ Y  P t 2.9  
A£ g h a n i s  t a n  2.5 
Turkey 
I r a q  
Sudan 
L a t i n  America 
l l e s i c o  
B r a z i l  
Argen t i n a  
C h i l e  
Peru 
'Da ta  on i r r i g a t i o n  r e l a t e  t o  a r e a s  purposely prov ided  w i t h  w a t e r ,  
i n c l u d i n g  l and  f l o o d e d  by r i v e r  w a t e r  f o r  c rop  p r o d u c t i o n  o r  p a s t u r e  
improvement, whe ther  t h i s  a r e a  i s  i r r i g a t e d  s e v e r a l  t imes  o r  o n l y  once 
d u r i n g  t h e  y e a r  s t a t e d . '  FA0 Produc t ion  Yearbook, 1980. 
Table  2 . 4 .  The C o n t r i b u t i o n  of  I r r i g a t e d  Lands t o  t h e  P r o d u c t i o n  of Rice  
and \ h e a t  i n  Sou th  A s i a  
% of  C u l t i v a t e d  Area % of P r o d u c t i o n  % of P r o d u c t i o n  
(1 979) (1978-1980) I n c r e a s e  (1961-1980) 




I n d i a  4 2 
P a k i s t a n  9  8  
S r i  Lanka 6  2 
Sou th  Asia 3 6 
Bangladesh 5  4 
I n d i a  6 5 
P a k i s  t a n  7  7  
South  As ia  6  7  8 2 9  1 
Source :  World Bank S t a f f ,  1982 
2.5 The P o t e n t i a l  f o r  F u t u r e  P r o d u c t i o n  
The IFPIiI 1979 s t u d y ,  b e s i d e s  t h e  o r d e r s  of magni tude f o r  i n c r e a s e s  i n  
food p r o d u c t i o n  from 1975 t o  1990, e s t i m a t e d  t h e  i n v e s  tmcnt required i n  
36 low-income c o u n t r i e s .  P r o j e c t e d  i g c r e a s e s  i n  p r o d u c t i o n  f rom i r r i g a -  
t i o n  ( b o t h  new i r r i g a t i o n ,  and inlprovernent of o l d  i r r i g a t i o n )  were 
c o n t r a s  t e d  w i t h  t h o s e  f rom r a i n f e d  a g r i c u l t u r e .  I r r i g a t i o n  would be  
r e s p o n s i b l e  f o r  73 p e r  c c n t  of  t h e  i n c r e a s e d  p r o d u c t i o n  of 137 m i l l i o n  
tons  i n  Asia, 7 1  p e r  c e n t  of t h e  i n c r e a s c d  p r o d u c t i o n  of I 1  m i l l i o n  tons  
in '!orth .Afr ica  nr?cl t h e  Nicidlc E a s t ,  b u t  o n l y  It p e r  c c n t  of t h e  in -  
cre, lsed prot lucr ion oi 35 m i l l i o n  tons  i n  Cas t  and Wcst r l l r i c a .  The long 
st's t a t i o n  ~ e r i o d  b c f o r c  p r o d u c t i o n  can be  a c h i e v e d  fro111 I I ~ I J  sclleri~es and 
s h o r t L ~ g L s  of t r a i n e d  manpower a r c  two r e a s o n s  1:lly c o u n t r i e s  i n  E a s t  and 
West A f r i c a  ( e x c e p t  Sudan) canno t  look  t o  i r r i g a t e d  a g r i c u l t u r e  a s  a  
major  means i n  t h e  n e a r  f u t u r e  t o  meet a  s u b s t a n t i a l  p r o p o r t i o l i  of t h e i r  
food .~nd f i b r e  needs .  A l a r g e  p o t e n t i a l  f o r  irritation e x i s t s  i n  the  
E a s t  and West A f r i c a n  r e g i o n ,  b u t  f o r  t h e  n e x t  two d e c a d e s ,  a l m o s t  a l l  
i t s  i n c r e a s e d  a g r i c u l t u r a l  p r o d u c t i o n  w i l l  have t o  come from r a i n f e d  
a r e a s .  
~ e ~ u i r e r n e n t s  and p r o p o s a l s  f o r  f u t u r e  i n v e s t m e n t  i n  new i r r i g a t i o n  and 
t h e  r e h a b i l i t a t i o n  of  e x i s t i n g  i r r i g a t i o n  a r e  on a  s c a l e  which s u p p o r t s  
and c o n f i r m s  t h e  o r d e r s  of  magni tude of the . IFPR1 s c e n a r i o .  The c a p i t a l  
c o s t s  of  a d d i t i o n a l  p r o d u c t i o n  were  e s t i m a t e d  by IFPRI i n  1975 d o l l a r s  
a s  $ 5 2  b i l l i o n  f o r  w a t e r  r e s o u r c e  development ,  and $ 47 b i l l i o n  f o r  
o t h e r  i n v e s t m e n t 1  t o  s u p p o r t  and complement b o t h  i r r i g a t e d  and r a i n f e d  
a g r i c u l t u r e .  A 1978 r e p o r t  of  t h e  T r i l a t e r a l  North-South Food Task F o r c e  
t o  t h e  T r i l a t e r a l  Conmission proposed c u m u l a t i v e  i r r i g a t i o n  i n v e s t m e n t  
of $52.6  b i l l i o n  (1975 p r i c e s )  o v e r  t h e  p e r i o d e  1978-1993, f o r  t h i r t e e n  
~ s i a n  c o u n t r i e s 2  t o  meet e s t i m a t e d  a n n u a l  growth i n  r i c e  consumption of 
3.4 p e r c e n t .  
The p r o j e c t e d  i r r i g a t i o n  development i n  FAO1s normat ive  s c e n a r i o  f o r  
p r o d u c t i o n  growth i n  AgricuZture: Toward 2000 i m p l i e s  a  c u m u l a t i v e  in -  
v e s t m e n t ,  1980-90, i n  t h e  F a r  E a s t  ( i n c l u d i n g  t h e  13 c o u n t r i e s  i n  t h e  
T r i l a t e r s l  r e p o r t  p l u s  J a p a n  and North and South  Korea) of around $60 - 
65 b i l l i o n  (1975 ~ r i c e s ) .  These  aggregate p r o j e c t i o n s  a r e  i n  a t  l e a s t  
rough agreement  w i t h  I F P R I ' s  (1979) on t h e  o r d e r  of  magni tude  of 
i n v e s t m e n t  i n  i r r i g a t i o n  r e q u i r e d  t o  meet p r o j e c t e d  growth i n  food 
consumption.  The s h e e r  s i z e  of  t h e  inves tment  i n v o l v e d ,  and t h e  h i g h  
p r o p o r t i o n  o f  p r o d u c t i o n  growth p r o j e c t e d  t o  come from i r r i g a t i o n  
d e v e l o p n e n t ,  i n d i c a t e  t h e  c r i t i c a l  impor tance  of i r r i g a t i o n  develop-  
ment ,  and of  t h e  h i g h  t a r g e t s  which a r e  b e i n g  s e t .  
The s c a l e  of  proposed invPs tments  and of t h e  p o t e n t i a l  b e n e f i t s  from 
them can f u r t h e r  be  i l l u s t r a t e d  f rom c o u n t r i e s  v i s i t e d  by t h e  Study 
Team o r  w i t h  which members of  t h e  Skudy Team have f a m i l i a r i t y  ( f o r  
more d e t a i l  s e e  Annex 3 ) .  
~ 
I The breakdown ( IFI I t I  1979: 139) was road  improvements $ 9.9 b i l l i o n ;  
r u r a l  e l e c t r i f i c a t i o n  7 . 2 ;  d i s e a s e  c r a d i c s t i o n  1 . 6 ;  f e r t i l i z e r  
manufac tu re  9 . 1 ;  s e e d  i n d u s t r i e s  0 . 3 ;  m e c h n n i s a t i o n  4 . 2 ;  animal  d r a f t  
0 . 9 ;  s t o r a g e  and d r y i n g  4 . 5 ;  r e s e a r c h  1 . 6 ;  and e x t e n s i o n  1 . 4 .  
2 U .  Coloi:lbo, D .  G .  Johnson ,  and T .  S h i s h i d o ,  Redt~ci?;g i?lal;!:!tri-t;ioiz .7~ 
C ~ ; ? U E ~ _ G ? . ~ ? Z ~ :  C@?.!??L~ies: I?~creas ing  Rice &~od!~ctio7z ii2 Sc?it l!  a7.d S;.CLJ?IL- 
eas t ,  " n e p r t  of t h e  T r i l a t e r a l  Nor th-Sot~th  Food Taslc P r ~ r c e  t o  t h e  
T r i l a t e r a l  Commission,. New York, Tokyo, P a r i s ,  1977, Tllc c o u n t r i e s  
were  A s i a ,  G a n ~ l a d e s h ,  Burma, C~lmbodia, I n d i a ,  I n d o n e s i a ,  Laos ,  
E la lays ia ,  Nepa l ,  P a k i s t a n ,  P l l i l i p p i n e s ,  S r i  Lanlca, T h a i l 3 n d  and 
Vietnam. 
India a l r e a d y  h a s  some 60 m i l l i o n  h a  'conunanded' by i r r i g a t i o n ,  and of 
t h i s  some 45 m i l l i o n  h a  a r e  i r r i g a t e d  (1981).  Although y i e l d s  i n  irri- 
g a t e d  c o n d i t i o n s  are low by wor ld  s t a n d a r d s  (on ly  abou t  1 .7  t o n s  p e r  h a  
f o r  f o o d g r a i n s ,  combined w i t h  a s u r p r i s i n g l y  low d e g r e e  of double  crop- 
~ i n g ) ,  i r r i g a t i o n  ~ r o v i d e s  81% of c u r r e n c  wheat p r o d u c t i o n  and 55% of 
c u r r e n t  r i c e  p r o d u c t i o n  (Table  2 .4) .  I n d i a  p l a n s  t o  i n c r e a s e  o v e r a l l  
p r o d u c t i o n  of food  g r a i n s  from 120 m i l l i o n  t o  150 m i l l i o n  tons  d u r i n g  
t h e  c u r r e n t  S i x t h  P l a n  (1980-1985), and towards t h i s  i s  i n v e s t i n g  abou t  
$ 3 b i l l i o n  p e r  annum i n  i r r i g a t i o n  works. O f  t h i s ,  90 p e r  c e n t  i s  f o r  
net? i r r i g a t i o n  p r o j e c t s ,  and 10 p e r  c e n t  f o r  r e h a b i l i t a t i o n .  The a r e a  
p r o j e c t e d  t o  come under  new i r r i g a t i o n  d u r i n g  t h e  P l a n  p e r i o d  i s  14 
m i l l i o n  ha .  By t h e  end o f  t h e  c e n t u r y ,  I n d i a  p l a n s  t o  have doubled  i t s  
i r r i g a t e d  a r e a ,  t o  i t s  f u l l  p o t e n t i a l  of some 113 mi.l l ion h a .  P r o v i d e d  
t h a t  i t s  i r r i g a t i o n  sys tems  a r e  w e l l  managed, I n d i a  shou ld  become 
e s t a b l i s h e d  a s  a  s t a b l e  food-surp lus  c o u n t r y .  
I n  P c k i s t a : ,  of t h e  cropped a r e a  of 20 m i l l i o n  ha ,  1 4  m i l l i o n  a r e  i rr i-  
- 
g a t e d  a c c o u n t i n g  f o r  90% of p r o d u c t i o n .  The Indus  i r r i g a t i o n  sys tem,  t h e  
l a r g e s t  i n  t h e  wor ld ,  commands 12 m i l l i o n  ha  b u t ,  a s  i n  I n d i a ,  y i e l d s ,  
t h e  e x t e n t  of double  c ropp ing  and water-use  e f f i c i e n c y  a r e  lo~.r .  During 
t h e  c u r r e n t  Five-Year P l a n  (1978-83) t h e  w a t e r  s u b s e c t o r  has becn  n l l o -  
c a t e d  $ 1.7  b i l l i o n  b u t  much l a r g e r  sums w i l l  be  r e q u i r e d  i n  f u t u r e  
Five-Year P l a n s .  Even t h e n ,  a c c o r d i n g  t o  IFPRI p r o j e c t i o n s  ( s e e  Tab le  
2.1), i t  w i l l  be  d i f f i c u l t  t o  meet food-produc t ion  r e q u i r e m e n t s  by 1990. 
I n  Egyp t ,  2 .4  m i l l i o n  ha  of s o - c a l l e d  'Old Lands'  have c o n v e r t e d  t o  
year-round i r r i g a t i o n  s i n c e  comple t ion  of t h e  High Dam i n  1969. R e s u l t -  
i n g  r i s i n g  u a t e r t a b l c s  a r e  b e i n g  c o t i t r o l l e d  through a  mass ive  d r a i n a g e  
progr,m. Nuch morc work remains  t o  b c  done w h i l e  y i e l d s  and n l u l t i p l e  
c ropp ing  must be i n c r e a s e d  t o  lceep up wit11 p o p u l a t i o n  g r o l ~ t h  and l o s s  of 
l and  t o  u r b a n i z a t i o n .  Reclamat ion of a d d i t i o n a l  l a n d s ,  g c n e r a l l y  of 
m a r g i n a l  q u a l i t y ,  f o l l o ~ ~ c d  by i r r i g a t i o n ,  i s  p lanned t o  r e a c h  a b o u t  a 
m i l l i o n  h a  by t h e  Year 2000. The r a t e  of c s p e n d i t u r c  env i saged  f o r  
r e h a b i l i t a t i o n  of t h e  Old Lands and r e c l a m a t i o n  of new l a n d s  i s  a b o u t  
$ 500 m i l l i o n  p e r  y e a r .  
- 
!-!garico, l i k e  I n d i a ,  p l a n s  t o  double  i t s  i r r i g a t e d  a r e a  by t h e  end of tile 
c e n t u r y ,  from 5 .5  m i l l i o n  113 t o  1 1  m i l l i o n  h a ,  t o  r c h a b i l i t a t l e  and d r a i n  
about  a  f o u r t h  of t h e  a r e a  p r e s e n t l y  i r r i g a t e d ,  t o  i n c r e a s e  wa te r -use  
e f f i c i e n c y  mainly through l and - l eve l l i ng  and t o  begin development of i t s  
ex t ens ive  tropical-humid zone (about 4 m i l l i o n  ha) mainly through dra in-  
age and f lood  c o n t r o l .  To achieve  t h i s  Mexico p l ans  t o  spend $ 3 b i l l i o n  
pe r  year  dur ing  1982-1990, and $ 4 b i l l i o n  pe r  y e a r  dur ing  1990-2000 
( 1  980 d o l l a r s ) .  
Eangladesh has  a  s u b t r o p i c a l  humid c l ima te  wi th  a  pronounced-dry season. 
I t s  i r r i g a t e d  a r e a ,  now about 1.5 m i l l i o n  ha ,  i s  expected t o  t r i p l e  by 
the yea r  2000.' Owing t o  s o i l s  and topography (most of t he  country i s  i n  
the ~ r a l u n a ~ u t r a - ~ a n ~ e s  d e l t a i c  p l a i n ) ,  t he  works r equ i r ed  a r e  a corn- 
b i n a t i o n  of f l ood  embankments, d ra inage  works, l ow- l i f t  i r r i g a t i o n  pumps 
and tubewel l s .  Given the  very  h igh  popula t ion  d e n s i t y ,  t h e  h igh  f e r t i l -  
i t y  of t he  s o i l s  and t h e  low y i e l d s  and cropping i n t e n s i t i e s  now pre- 
v a i l i n g ,  a c c e l e r a t e d  development of i r r i g a t i o n ,  dra inage  and f lood  
c o n t r o l  i n  Bangladesh a r e  imperat ive.  Recent succes ses ,  a l though of a  
l i m i t e d  e x t e n t  thus f a r ,  s u b s t a n t i a t e  the  need f o r  f u r t h e r  investments  
f o r  t hese  ends. Note from Table 2 . 1  t h a t ,  even wi th  a c c e l e r a t e d  devel-  
opment, Bangladesh would remain a  food-de f i c i t  count ry .  
Although t h e  foregoing  f i g u r e s  should be t r e a t e d  wi th  cau t ion ,  what they 
do e s t a b l i s h  i s  t h a t  i n  coun t r i e s  wi th  l a r g e  concen t r a t ions  of poor 
people,  e s p e c i a l l y  i n  South and Southeas t  Asia and p a r t s  of t he  Middle 
East  and North A f r i c a ,  massive investments  a r e  p ro j ec t ed  i n  i r r i g a t i o n .  
Other c o u n t r i e s  t h a t  a r e  not  s o  poor ,  l i k e  E.lexico,. b u t  which have l a r g e  
pockets  of poverty and a r e  exper ienc ing  very r a p i d  u rban iza t ion ,  a r e  
a l s o  planning very  l a r g e  investments  i n  i r r i g a t i o n .  
Some of t h e  planned investments  a r e  f o r  r e h a b i l i t a t i o n ,  b u t  t h e  bulk  i s  
f o r  new i r r i g a t i o n ,  w i th  some countc ies  planning t o  double t h e i r  i r r i-  
gated a r e a  i n  t he  next  twenty yea r s .  I n  s e v e r a l  c o u n t r i e s ,  t hese  a r e  t he  
c e n t r a l  a g r i c u l t u r a l  development t h r u s t s  and a r e  seen  a s  t h e  most 
f e a s i b l e  mnjor investments  i n  forms of a g r i c u l t u r a l  product ion which 
will b e n e f i t  smal l  farmers  and genera te  a d d i t i o n a l  a g r i c u l t u r a l . l y  based 
l i v e l i h o o d s .  T h e  p o t e n t i a l  b e n e f i t s  a r e  v a s t ;  bu t  t o  what e s t c n t  they 
can be  recl l ised depends on the  l e v e l  of i r r i g a t i o n  m~nagement and per- 
formance t h a t  can be achieved. 
' IFPRI p r o j e c t s  t h i s  a s  happening by the  yea r  1990. Sec IFPRI 1979 p .  
75. 
. a  
PERFORMANCE OF IRRIGATION SYSTEMS 
3.1 Gauging Performance 
As expla ined  i n  Chapter 2 ,  i r r i g a t i o n  i s  a l r eady ,  i n  many c o u n t r i e s ,  t h e  
leading  f a c t o r  i n  a g r i c u l t u r a l  p roduct ion  and i n  achievement of s o c i a l  
goa ls .  But a r e  i r r i g a t i o n  systems performing a s  wel l  a s  they should? I f  
n o t ,  t o  whae e x t e n t  a r e  they f a i l i n g  t o  meet t a r g e t s  and what a r e  t h e  
p rospec t s  of meeting t h e  f u t u r e  ve ry  ambit ious t a r g e t s  descr ibed  i n  
Chapter 2? 
To provide p re l imina ry  answers t o  t h e s e  ques t ions ,  t he  Study Tean v i s i t -  
ed s e v e r a l  c o u n t r i e s  ( s ee  Chapter I )  and drew on knowledge on t h e s e  and 
o t h e r  c o u n t r i e s  through previous v i s i t s  and s t u d i e s .  The r e s u l t s  of t h i s  
work a r e  presented  i n  Annex 3 .  
From Annex 3 i t  i s  c l e a r  t h a t  e x i s t i n g  i r r i g a t i o n  systems,  a l though of 
v i t a l  importance, a r e  i n  gene ra l  performing poor ly ,  whether measured i n  
terms of planned t a r g e t s  o r  product ion  p o t e n t i a l s  c r ea t ed  by the  physi- 
c a l  works i n  t h e  systems. I n  many systems,  t h e  ' a r e a  i r r i g a t e d '  i s  much 
l e s s  than  t h e  ' a r e a  commanded'. I n t e n s i t i e s  of i r r i g a t i o n  a r e  low. Mal- 
d i s t r i b u t i o n  between headreaches and t a i l e n d s  i s  almost un ive r sa l .  Water 
de l ive red  corresponds badly i n  q u a n t i t y  and timing wi th  changing crop 
water requirements .  Environmental problems, e s p e c i a l l y  water logging and 
s a l i n i t y ,  a r e  cause f o r  growing concern. Wit11 r e s p e c t  t o  the massive in-  
vestments proposed f o r  new sys  terns, t h e r e  i s  danger t h a t  un less  i r r i g a -  
t i o n  management i s  improved, t hese  nega t ive  a spec t s  \;ill become more 
s e r i o u s .  
These common d e f e c t s  i n  system o p e r a t i o n  and water  d e l i v e r y  a r e  r e f l e c t -  
ed i n  poor achievement of . t h e  o b j e c t i v e s  of i r r i g a t i o n  (see p a r a  2 . 1 )  as  
fol lows:  
1 .  Product iv i ty .  The p r o d u c t i v i t y  of i r r i g a t i o n  sys tems  i s  low f o r  many 
r e a s o n s ,  i n c l u d i n g  w a t e r  was tage ,  h i g h  t r a n s m i s s i o n  l o s s e s ,  s m a l l  
a r e a s  i r r i g a t e d ,  i n a d e q u a t e ,  u n r e l i a b l e  and u n t i m e l y  w a t e r  d e l i v e r i e s  
and f a r m e r s '  c o n s e q u e n t l y  c a u t i o u s  c h o i c e s  of c r o p s  and p r a c t i c e s .  
, I- 
The a v e r a g e  y i e l d  of food c r o p s  on i r r i g a t e d  l a n d  i n  I n d i a  i s  o n l y  
1 . 7  t o n s  p e r  h e c t a r e ,  compared w i t h  c l o s e  t o  6 tons  p e r  h e c t a r e  i n  
J a p a n .  Water e f f i c i e n c i e s  a v e r a g e  a lmos t  70% i n  Taiwan, b u t  o n l y  25- 
40% i n  I n d i a  (Annex 3 ) ,  and f o r  South  and S o u t h e a s t  A s i a  g e n e r a l l y  
a r e  i n  t h e  r a n g e  of  o n l y  20-502. 
2 .  Eqtri ty .  Sharp  i n e q u i t y  i s  common between h c a d r e a c h  and t a i l e n d  farm- 
e r s .  For  i n e q u i t a b l e  w a t e r  d i s t r i b u t i o n  i n  Egypt s e e  Annex 3 .  Recent  
r e s e a r c h  shows t h e  g r a d i e n t s  of d e p r i v a t i o n  t o  b e  s t e e p .  A s t u d y  of 
t h e  180,000 h a  Mahanadi R e s e r v o i r  P r o j e c t  i n  I n d i a  h a s  found t h a t  
y i e l d s  d e c l i n e d  from 1935 k g f h a  c e r e a l  a t  t h e  head do1.m t o  o n l y  350 
a t  t h e  t a i l . '  Resea rch  i n  S r i  Lanka h a s  r e v e a l e d  t h a t  t a i l e n d e r s  s u f -  
f e r  n u l t i p l e  d e p r i v a t i o n s  compared r.rith t h o s e  i n  t h e  h e a d r e ~ c h e s ,  
r e c e i v i n g  l e s s  w a t e r ,  l e s s  r e l i a b l y  and i n  l e s s  ti21cl:, fns l i ion ,  and  
hav ing  lower  y i e l d s ,  lower r e t u r n s  t o  l a b o u r ,  l o v e r  i n c o x c s ,  l e s s  
a c c e s s  t o  s e r v i c e s  and l e s s  i n f l u e n c e .  
3.  E?zvirownentuZ s t a b i l i t y .  P r o d u c t i v i t y  and e q u i t y  a r e  b o t h  a f f e c t e d  by 
env i ronmenta l  problems,  e s p e c i a l l y  w a t e r l o g g i n g  and s p - l i n i t y .  These  
a r e  v e r y  s e r i o u s  problems i n  c o u n t r i e s  such  a s  Pa l : i s t sn ,  I n d i a ,  I r a q ,  
Egypt and P e r u .  
4 .  $ z n l i - i ; y  of l i f e .  Q u a l i t y  of l i f e  i s  a d v e r s e l y  a f f e c t e d  by low produc- 
t i v i t y ,  i n e q u i t a b l e  d i s t r i b u t i o n  of w a t e r  and w a t e r l o g ~ i n g  and s a l i n -  
i t y .  I n  a d d i t i o n ,  r a t h e r  l i t t l e  a t t e n t i o n  h a s  been p a i d  t o  t h e  e f f e c t s  
of i r r i g a t i o n  on women and c h i l d r c n .  I I c a l t h ,  n u t r i t i o n a l  and f a m i l y  
impac t s  of i r r i g a t i o n  need t o  be  b e t t e r  u n d c r s t o o d .  I n  p a r t i c u l a r ,  
some a d v e r s e  h e a l t h  e f f c c t s ,  e s p e c i a l l y  m a l a r i a  and s c l i i s t o s o m i n s i s ,  
a r e  o f t e n  much worse  than  they  need b e .  I t  i s  i m p c r n t i v e  t h a t  t h e s e  
a s p e c t s  r e c e i v e  g r e n t c r  a t t e n t i o n  i n  t h e  p l a n n i n g ,  d e s i g n  and man- 
agement of  i r r i g a t i o n  p r o j e c t s .  
Data from Ii'otcr and Power Consul tancy S e r v i c e s  ( In t l in )  L td .  , l!cw 
D e l l ~ i  . 
3.2 C u r r e n t  D e f i c i e n c i e s  
C u r r e n t  d e f i c i e n c i e s  can  b e  grouped i n  v a r i o u s  ways. I n  t h e  f o l l o w i n g  
d i s c u s s i o n ,  which i s  based  l a r g e l y  on t h e  f i n d i n g s  i n  Annex 3 t h e  
d e f i c i e n c i e s  a r e  grouped a c c o r d i n g  t o :  
- p h y s i c a l  -works ,  
- fa rming  s y s t e m s ,  
- sys tem o p e r a t i o n ,  
. - i n s t i t u t i o n a l  a r rangements .  
From Annex 3 i t  i s  s e e n  t h a t  i n  g e n e r a l :  
a .  main syz tems  do  n o t  d e l i v e r  w a t e r  i n  a n  a d e q u a t e  amount o r  i n  a 
t i m e l y  manner;  
b .  t h e  on-farm sys tem of  w a r e r  d e l i v e r y  s u f f e r s  i n  t h e  same manner;  
c .  w a t e r  d e l i v e r y  i s  moreover i n e q u i t a b l e  s i n c e  t a i l e n d e r s  and o f t e n  
t h e  s m a l l e r  f a r m e r s  do n o t  r e c e i v e  t h e i r  f a i r  s h a r e  o f  c ra te r ;  
-- 
-- 
d .  on-farm l a n d  p r e p a r a t i o n  i s  f a u l t y  c a u s i n g  w a s t a g e  of  w a t e r  and 
i n h i b i t e d '  p l a n t  g rowth ;  
e .  i n  s o x ~ e  s y s t e m s ,  r i s i n g  w a t e r t a b l e s  are  c a u s i n g  w a ~ e r l o g g i n g  and 
s a l i n i t y .  
Pti2sicnZ works 
With r e g a r d  t o  t h e  main sys tem,  p h y s i c a l  d e f i c i e n c i e s  i n c l u d e :  
- i n s u f f i c i e n t  c o n t r o l  s t r u c t u r e s  and measur ing  d e v i c e s ;  
- absence  of c a n a l  l i n i n g  and au tomat ion  ( t o  t h e  e x t e n t  p r a c t i c a b l e  and 
i f  p r o p e r l y  p h a s e d ) ;  
- i n s u f f i c i e n t  com~nunica t ions  ( roads  and telecommunica t i o i l s )  ; 
- i n a d e q u a t e  o r  p o o r l y  m a i n t a i n e d  d r a i n s .  
The on-farm s y s  tc~:: necds  : 
- r;leasuring d c v i c c s  and b e t t e r  o u t l c t  s t r u c t u r e s  from the  main sys tem;  
- b c t t e r  f i e l d  c h a n n e l s  downstream of t h e  o u t l e t  s t r u c t u r e s ;  
- b c t t e r  d i v i s i o n  boxes s c r v i n g  i n d i v i d u a l  f a r m e r s  01- small groups  of 
f a r m e r s ;  
- b e t t e r  l a n d  p r e p a r a t i o n  ( l a n d  s h a p i n g  and l and  l e v e l l i n g ) .  
I n  many ( b u t  n o t  a l l )  c a s e s ,  p h y s i c a l  improvemcnts i n  t h e  main sys tem 
must e i t h e r  p r c c e d c  o r  a t  l e a s t  be c o n c u r r e n t  w i t 1 1  improvements i n  on- 
f a ~ n l  wnkcr -de l ivc ry  sys tems s o  t h a t  the l a t t e r  can  f u n c r i o n  p r o p e r l y .  
Farnting systems 
A g r i c u l t u r a l  sys tems  i n t e r l o c k  w i t h  i r r i g a t i o n  water supp ly .  With 
i n a d e q u a t e ,  u n r e l i a b l e  and un t imely  w a t e r  s u p p l i e s ,  and w i t h  wa te r -  
l o g g i n g  o r  s a l i n e  c o n d i t i o n s ,  f a rmers  have low i n c e n t i v e s  f o r  on-farm 
development ,  f o r  t h e  maintenance of i r r i g a t i o n  d i t c h e s  and d r a i n s ,  o r  
f o r  t h e  a d o p t i o n  of h i g h  y i e l d i n g  c rops  and v a r i e t i e s ,  f e r t i l i z e r s  and 
improved p r a c t i c e s .  I r r i g a t i o n  w a t e r  i s  o n l y  one i n p u t :  o t h e r  f a c t o r s  - 
l a b o u r ,  f a rm r o a d s ,  f e r t i l i z e r s ,  p e s t i c i d e s ,  c r e d i t ,  m a r k e t i n g ,  p r i c e s  - 
i n f l u e n c e  f a r m e r s '  p r a c t i c e s  and t h e  p r o d u c t i v i t y  of i r r i g a t e d  a g r i -  
c u l t u r e .  A l a c k  of fa rming  system r e s e a r c h  h a s  a l lowed t h e  s i g n i f i c a n c e  
of i r r i g a t i o n  w a t e r  a s  a l e a d i n g  i n p u t  t o  be  under - recognized ,  when i n  
, p r a c t i c e  i t  i s  u s u a l l y  a  p r e c o n d i t i o n  f o r  t h e  a d o p t i o n  and u s e  o f  o t h e r  
i n p u t s  and f o r  on-farm inves tment .  
System operation 
O p e r a t i o n a l  d e f i c i e n c i e s  on main systenls i n c l u d e :  
- p e r n i s s i v e  m i s a l l o c a t i o n  of w a t e r  w i t h  e x c e s s e s  t o  headrcnches  and 
s h o r t a g e s  a t  t a i l e n d s ;  
- w a t e r  was tage  e s p e c i a l l y  a t  n i g h t ;  
- s low o r  n o n - e x i s t e n t  r esponses  t o  r a i n f a l l ;  
- d i s t r i b u t i o n  accord ing  t o  broad r u l e s  o f  thumb w i t h o u t  c l o s e  a t t e n -  
t i o n  t o  c r o p  i r r i g a t i o n  wate r  r e q u i r e m e n t s ;  
- i n a d e q u a t e  p h a s i n g  and zoning of c ropp ing  p a t t c r n s  and p l a n t i n g  
t imes ;  
- l a c k  o f  m o n i t o r i n g  f a c i l i t i e s  a n d ~ p r o c e d u r e s  t o  e n a b l e  managers t o  
know how t h e i r  sys tems a r e  pe r fo rming ;  
- i n a d e q u a t e  maintenance;  
- u n w i l l i n g n e s s  o r  i n a b i l i t y  t o  d e l i v e r  w a t e r  t o  o u t l e t s  i n  p r e d c t e r -  
mined q u a n t i t i e s  and a t  predetenni.ned t imes  ; 
- l a c k  o f  two-way communication w i t h  I a r m e r s .  
O p e r a t i o n a l  d e f i c i e n c i e s  a t  t h e  on-farm l e v e l  i n c l u d e :  
- absence  of o r g a n i z e d  r o t a t i o n ;  
- l a c k  of maintenance of channe l s  and d r a i n s ;  
- l a c k  of ~ ~ n c h r o n i s n t i o n  a d phas ing  of c rops  t o  f i t  w a t e r  a v n i l -  
a b i l i t y .  
Ins ti tutionaZ ai-ran~ements 
\ J i t h  r e s p e c t  t o  main sys tems ,  a  g u l f  i s  common between M i n i s t r i e s  o r  
Departments o f  I r r i g a t i o n ,  u s u a l l y  c o n t r o l l i n g  t h e  d i s t r i b u t i o n  of w t e r  B 
on main sys tems ,  and l ~ i n i s t r i e s  o r  Departments o f  A g r i c u l t u r e ,  u s u a l l y  
engaged below t h e  o u t l e t  a t  t h e  on-farm l e v e l .  I r r i g a t i o n  e n g i n e e r s  a r e  
t r a i n e d  i n  d e s i g n  and c o n s t r u c t i o n  b u t  n o t  u s u a l l y  i n  o p e r a t i o n  o r  a g r i -  
c u l t u r e .  C a r e e r s  i n  d e s i g n  and c o n s t r u c t i o n  a r e  c o n s i d e r e d  more glamor- 
ous and p r e s t i g i o u s  w h i l e  i r r i g a t i o n - s y s t e m  management i s  regarded  a s  a 
second o r  t h i r d  b e s t .  T r a n s f e r s  of s t a f f  a r e  f r e q u e n t .  I n c e n t i v e s  f o r  
good performance a r e  weak o r  n o n - e x i s t e n t .  Funds and o t h e r  r e s o u r c e s  f o r  
maintenance a r e  i n a d e q u a t e .  Those who manage i r r i g a t i o n  systems a r e  sub- 
j e c t  t o  l o c a l  p r e s s u r e s  t o  m i s a l l o c a t e  w a t e r .  
A t  t h e  on-farm l e v e l ,  f a r m e r s '  o r g a n i z a t i o n s  o f t e n  do n o t  e x i s t ,  o r  a r e  
weak. R o t a t i o n s  a r e  unnecessa ry  i n  headreaches  where w a t e r  i s . a b u n d a n t ,  
and d i f f i c u l t  t o  o r g a n i z e  i n  t a i l r e a c h e s  where t h e  w a t e r  supp ly  i s  unre-  
l i a b l e .  Communications a r e  poor  between f a r m e r s '  groups  and t h e  i r r i g a -  
t i o n  management s t a f f  who c o n t r o l  w a t e r  d i s t r i b u t i o n  on t h e  niain sys tem.  
3 . 3  P o t e n t i a l s  f o r  B e t t e r  Management 
I f  t h e  more s i g n i f i c a n t  of t h e s e  d e f i c i e n c i e s ,  can be  moderated o r  over -  
come, t h e  g a i n s  w i l l  b e  l a r g e :  
A s  shown i n  F i g u r e  3 . 1 ,  country-wide a t t a i n e d  y i e l d s  o f  paddy ( rough)  
r i c e  i n  a  number o f  d e v e l o p i n g  c o u n t r i e s  v a r y  between 1.5 and 3.0 t o n s  
p e r  h a r v e s t e d  h e c t a r e ,  r e f l e c t i n g  a p r o p o r t i o n  o f  r a i n f e d ' c o n d i t i o n s  and 
i r r i g a t i o n  w i t h  i n a d e q u a t e  c o n t r o l .  ;Yie lds  o b t a i n e d  under  f u l l  c o n t r o l  
of w a t e r  s u p p l y  and d r a i n a g e  and advanced w a t e r  management p r a c t i c e s  
show country-wide f i g u r e s  of 5.0 - 6.0 t o n s  p e r  h a r v e s t e d  h e c t a r e ,  w h i l e  
- 
y i e l d s  under  e x p e r i m e n t a l  c o n d i t i o n s  even e s c e e d  10 t o n s .  These f i g u r e s  
s u g g e s t  t h a t  3 g r e a t  p o t e n t i a l  e x i s t s  f o r  r a i s i n g  p r o d u c t i o n  through 
e x t e n d i n g  i r r i s a c i o n  and good i r r i g a t i o n  ni3nagcment and p r o p e r  u s e  of 
o t h e r  i n p u t s .  
, 
.-vc;,? c a r r i e d  o u t  by I C I D  and ILRI' on 91 i r r i g a t i o n  p r o j e c t s  a l l  
over  t h e  w o r l d ,  h a s  i n d i c a t e d  t h a t  i r r i g a t i o n  e f f i c i e n c i e s  a r e  v e r y  low 
and on t h e  a v e r a g e ,  a l t h o u g h  w i t h  c o n s i d e r a b l e  v a r i a t i o n ,  of t h e  o r d e r  
PI. G.  Gos and J, Nug t e r e n ,  01: I ~ ? - i g n t i o n  Zff icienc,ics,  I n t e r n a t i o n a l  
I n s  t i  t u t e  f o r  Land Reclamation and I~nprovcmcnt ,  Pu?, l ic : l t ian  10 ,  1978.  
Fig .  3.1. Country-wide paddy p r o d u c t i o n  l e v e l s  i n  some s e l e c t e d  c o u n t r i e s  
0 - 1  2 3 4 5 6  7 . 8  
country-wide attained yields 
(tons of paddy rice per ha  harvested) 
Ref:  FA0 (1979) 
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of o n l y  30%. The e f f i c i e n c i e s  a s  d e s c r i b e d  i n  Annex 3 f o r  I n d i a  and 
P a k i s t a n  c o n f i r m  t h e s e  f i n d i n g s .  I n  I n d i a  o n l y  a b o u t  25% t o  402 of t h e  
w a t e r  d i v e r t e d  i s  d e l i v e r e d  t o  t h e  c rop  r o o t  zones (Annex 3  p a r a  3 ) .  
S t u d i e s  c a r r i e d  o u t  i n  P a k i s t a n  (Annex 3 p a r a  4 7 )  a l s o  show o v e r a l l  
i r r i g a t i o n  e f f i c i e n c i e s  of t h e  o r d e r  of o n l y  30%. 
Comparison of  t h e s e  f i g u r e s  w i t h  well-managed i r r i g a t i o n  p r o j e c t s  h s v i n g  
i r r i g a t i o n  e f f i c i e n c i e s  of 50-60% shows t h a t  t h e r e  i s  a c o n s i d e r a b l e  
p o t e n t i a l  f o r  improvement a t - r e l a t i v e l y  low c o s t s .  From t h e  Rev i sed  
Ac t ion  P r o g r a i e  (RAP) s t u d y  i n  P a k i s t a n  i t  was f o r  i n s t a n c e  concluded 
t h a t  t h e  c o s t  p e r  a c r e - f o o t  of  w a t e r  saved th rough  w a t e r c o u r s e  improve- 
ment i s  o n l y  one f o u r t h  of t h e  c o s t  of  d e v e l o p i n g  new w a t e r  s u p p l i e s  
(Annes 3 ,  p a r a  5 6 ) .  
Improvement i n  i r r i g a t i o n  e f f i c i e n c i e s  opens t h e  p o s s i b i l i t y  of i n c r c a s -  
i n g  t h e  i r r i g a t e d  a r e a  and e x t e n d i n g  i r r i g a t i o n  t o  f a r m e r s  who o t h e r w i s e  
would n o t  r e c e i v e  w a t e r .  On many sys tems  t h e r e  i s  a  p o t e n t i a l  f o r  i n -  
c r e a s i n g  t h e  p r o d u c t i o n  by s t r e t c h i n g  t h e  w a t e r  o v e r  a  l a r g e r  a r e a  t o  
b e n e f i t  a  l a r g e r  p o p u l a t i o n .  An i n c r e a s e  i n  c r o p p i n g  i n t e n s i t i e s  i s  
a n o t h e r  o p p o r t u n i t y  o f f e r e d  by t h e  improvement of  i r r i g a t i o n  e f f i c i e n -  
c i e s .  
According t o  a  compara t ive  s t u d y  of  t h e  management and o r g a n i z a t i o n  of 
i r r i g a t i o n  p r o j e c t s ,  commissioned by t h e  World Bank, ' i r r i g a t i o n  manage- 
ment r e f o m  invo lv i l lg  t h e  r e d i s t r i b u t i o n  of w a t e r  s h o u l d ,  i n  t h e  p r e -  
donlinnntly r i c e  growing a r e a s  of A s i a ,  b e  c a p a b l e  of g e n e r a t i n g  a v e r a g e  
p r o d u c t i o n  i n c r e a s e s  of a t  l e a s t  20 p e r  c e n t ;  on t h i s  v e r y  c o n s e r v a t i v e  
assumpt ion ,  which c o n t a i n e d  a l a r g e  d i s c o u n t  f o r  t h e  e f f e c t s  of r e p l i c a -  
t i o n ,  t h i s  would mean a n  i n c r e a s e  of  r i c e  p r o d u c t i o n  of abou t  30 m i l l i o n  
tons  of paddy o r  20 m i l l i o n  t o n s  of  r i c e .  
\", 
Unl ike  t h e  g r e e n  r e v o l u t i o n ,  c r i t i c i z e d  f o r  h e l p i n g  l a r g e r  f a r m e r s  b u t  
do ing  l i t t l e  o r  n o t h i n g  f o r  t h e  p o o r ,  w a t e r  r e d i s t r i b u t i o i l  c a n  a c h i e v e  
bo th  p r o d u c t i o n  and e q u i t y  a t  t h e  same t ime. The o p p o r t u n i t y  i s  t o  f i n d  
ways t o  t r ans fo rn l  t h e  f a m i l y  economies of t e n s  of m i l l i o n s  of p e o p l e  - 
s m a l l  and poor  f a r m e r s ,  labourers, and o t h e r s  - who depend  I o r  t h e i r  
l ive l ihooc!s  on u n r e l i a b l e  ancl u n p r o d u c t i v e  t a i l e n d  a g r i c u l t u r e .  
Arlthony Dot t r a l l ,  Co~i lpara t ive  Study of  t h e  Planagcnent and Organiza-  
t i o n  of I r r i g a t i o n  Project : ; ,  World Banlc S t a f f  Wol-kinG Papcr  No. 458, 
May 198 1 . 
Compet i t ion  f o r  s c a r c e  w a t e r  i s  i n c r e a s i n g  between n a t i o n s ,  between 
r e g i o n s  w i t h i n  n a t i o n s ,  and between a g r i c u l t u r a l ,  u r b a n ,  and i n d u s t r i a l  
demands. These  c o n f l i c t s  should  b e  moderated t o  t h e  e x t e n t  t h a t  more can 
be  produced w i t h  t h e  same o r  less w a t e r  ( s e e  Annex 3 ,  p a r a  116 f o r  in -  
s t a n c e )  . 
F i n a l l y ,  improved performance on e x i s t i n g  i r r i g a t i o n  sys tems  i s  i n c r e a s -  
i n g l y  r e q u i r e d  t o  j u s t i f y  t h e  v e r y  l a r g e  i n v e s t m e n t s  s o u g h t ,  and needed,  
i n  new i r r i g a t i o n  p r o j e c t s .  The cheaper  and e a s i e r  i r r i g a t i o n  s i t e s  have 
a l r e a d y  been developed.  Those t h a t  a r e  now a p p r a i s e d  f o r  f u n d i n g  a r e  
l e s s  and l e s s  a t t r a c t i v e ,  e s p e c i a l l y  a t  c u r r e n t  l e v e l s  o f  performance.  
There  i s  a l r e a d y  concern  among f u n d i n g  a g e n c i e s  a t  t h e  r e c u r r e n t  s h o r t -  
f a l l s  of performance.  I n  t h e  h a r s h e r  i n v e s t m e n t  c l i m a t e  of t h e  1980s,  
fund ing  f o r  new p r o j e c t s  w i l l  become d i f f i c u l t  u n l e s s  t h e  performance of 
e x i s t i n g  i r r i g a t i o n  systems improves. Some s u b o p t i m a l  p r o j e c t s  w i l l  go 
ahezd f o r  p o l i t i c a l  and o t h e r  r e a s o n s .  Rut g e n e r a l l y ,  e x i s t i n g  sys tems 
w i l l  have t o  pe r fo rm b e t t e r  t o  j u s t i f y ' t h e  t e n s  of b i l l i o n s  of d o l l a r s  
p r o j e c t e d  f o r  f u t u r e  inves tment .  And t h a t  new inves tment  i s  needed i f  
p r o d u c t i o n  and l i v e l i h o o d s  a r e  t o  keep pace  w i t h  i n c r e a s e s  i n  p o p u l a t i o n  
and i f  c u r r e n t  p o v k r t y  i s  t o  be  s u b s t a n t L l l y  r e d u c e d .  
C W M T  EFFORTS TO IMPROVE FMTAGEFENT 
4 .1  The Range of C u r r e n t  E f f o r t s  
Removal of t h e  d e f i c i e n c i e s  summarized i n  S e c t i o n  3 .2  (Cur ren t  D e f i c i e n -  
c i e s )  i n v o l v e s  a  m u l t i p l i c i t y  of c u r r e r i t  e f f o r t s .  These a r e  d e s c r i b e d  
f o r  s e v e r a l  key c o u n t r i e s  i n  Annex 3 .  Owing t o  l o c a l  v a r i a t i o n s  and t h e  
wide r a n g e  of a c t i v i t i e s  invo lved  i t  i s  d i f f i c u l t  t o  p r e s e n t  a  b r i e f  
summary e s c e p t  f o r r a  g e n e r a l  o b s e r v a t i o n  t h a t  c u r r e n t  e f f o r t s ,  a l t h o u g h  
some a r e  i n  t h e  r i g h t  d i r e c t i o n ,  a r e  s e r i o u s l y  i n a d e q u a t e  and need much 
s t r e n g t h e n i n g  and speed ing  up. 
A s  t o  d e f i c i e n c i e s  i n  p h y s i c a l  t-rorlcs d e s c r i b e d  i n  S e c t i o n  3 . 2 ,  c u r r e n t  
e f f o r t s  w i t h  r e s p e c t  t o  on-farm development proeranunes i n  I n d i a ,  
P a k i s t a n ,  Egypt ,  The ~ 1 1 i l i ~ ~ i n e s  and e l s e w h e r e  a r c  on l i c i i t e d  c a n a l  
c o m a n d s .  These a c t i v i t i e s  need t o  b e  s t e p p e d  up i n  t h e s e  c o u n t r i e s  as 
w e l l  a s  i n i t i a t e d  i n  c o u n t r i e s  where they  do n o t  e x i s t .  With r e s p e c t  t o  
r e h a b i l i t a t i o n  and improvement of e g i s t i n g  main sys tems  t h e  a n a l y s e s ,  
s t u d i e s  and p r o j e c t  p l a n n i n g  f o r  p h y s i c a l  works necded a r e  n o t  g e n e r a l l y  
r e c e i v i n g  ndcquate  a t t e n t i o n  s i n c e  most: i r r i g a t i o n  a g e n c i e s  a1-e more 
i n t e r e s t e d  i n  c o n s t r u c t i o n  of new sys tems .  
Tile dangerous e f f c c t s  of 1 ~ a t e r l o ~ g i . 1 1 ~  and s a l i n i t y  a r c  1:idely rcc~)~:ni:<ecl 
and impor t a n t  e f f o r t s  i n  p l a n n i n g  and implementa t ion  a r c  under l~ay  t o  
d e a l  w i t h  t h c  problem. These e f f o r t s  a r e  n o t  llowevcr s u f f i c i e n t l y  coor-  
d i n a t e d  a t  a n a t i o n a l  l e v e l  f o r  many l a r g e  sys tcms .  For example, t h e  
combined e f f c c t s  of on-farrn w a t e r  rnanagcment, r n ~ ~ j n r  d r a i n a g e  irnprove- 
ments ,  and c o n j u n c t i v e  u s e  (of g round\ .~n tc r  and s u r f a c c  w a t e r )  a r c  n o t  
be ing  a d e q u a t e l y  i n t e g r a t e d  . As t o  f a1nni.n;: s y s  tcms and agr  i c u l  tu l -nl  
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i npu t s  and p r a c t i c e s ,  a major on-going e f f o r t  has been the  es tab l i shment  
i n  I n d i a  of Command Area Development A u t h o r i t i e s  (CADAs). 
As descr ibed i n  more d e t a i l  i n  Annex 3 ,  t h e  CADAS have been mainly con- 
cerned wi th  p h y s i c a l  improvements of on-farm systems and o rgan iza t ion  of 
farmers  f o r  b e t t e r  ope ra t ion  of t he  systems. The CADAs have.had only 
l i m i t e d  success ,  p a r t l y  because of i n s t i t u t i o n a l  weaknesses b u t  a l s o  be- 
cause not  enough a t t e n t i o n  has been given t o  development of a p p r o p r i a t e  
fanning systems -- a r e sea rch  t o p i c  needing a t t e n t i o n  a s  mentioned i n  
Sec t ion  3.2.  P a k i s t a n  has  a l s o  experimented wi th  arrangements s i m i l a r  t o  
t h e  CADAs and i s  p lanning  f u r t h e r  experiments and p i l o t  programs. A pre- 
v a i l i n g  d i f f i c u l t y  i n  both  coun t r i e s  i s ,  aga in ,  l ack  of adequate  water  
d e l i v e r y  from t h e  main system t o  t h e  on-farm system, wi thout  which i n  
most cases  f anne r s  w i l l  n o t  r i s k  investments  i n  b e t t e r  a g r i c u l t u r a l  
p r a c t i c e s .  
~ a r m e r s '  involvement and use  of a g r i c u l t u r a l  i npu t s  depend on b e t t e r  and 
more r e l i a b l e  water  d e l i v e r y ,  and many o t h e r  f a c t o r s .  Inc reas ing  t h e  in-  
t e r e s t  of the  farmer means fa rmers '  p a r t i c i p a t i o n  i n  a l l  s t ages  of a  
p r o j e c t  (p l ann ing , ' de s ign ,  c o n s t r u c t i o n  and o p e r a t i o n ) .  The d e c i s i v e  
r o l e  of the  farmer i n  t he  perfonnance of i r r i g a t i o n  systems and the  need 
f o r  farmers ' p a r t i c i p a t i o n ,  a r e  \re11 1cno.t.m and g e n e r a l l y  accepted,  a t  
l e a s t  i n  theory .  I n  p r a c t i c e  t h e  main e f f o r t s  on t h e s e  l i n e s  have been 
i n  some smal l - sca le  p r o j e c t s .  Mot much has  been done s o  f a r  f o r  fa rmers '  
p a r t i c i p a t i o n  i n  t h e  manaiement of l a r g e r  systems. 
I n  most c o u n t r i e s  e f f o r t s  t o  c o r r e c t  d e f i c i e n c i e s  i n  t h e  ope ra t ion  of 
main systenls a r e  a t  b e s t  s c a ~ t e r e d ;  There a r e ,  however, some encouraging 
esanlples. I n  Andhra Pradesh i n  ~ n d i k  simple sys  t e ~ n a t i c  r o t a t i o n s  and 
t i g h t e r  c o n t r o l  of water  d i s t r i b u t i o n  a r e  r epo r t ed  t o  have l ed  t o  sha rp  
improvements i n  perfolmance. Main systcm management 11as . f o r  some yea r s  
rece ived  a t t e n t i o n  i n  Tllc P h i l i p p i n e s .  Tllesc and  o t h e r  u sua l ly  i s o l a t e d  
cases  s e r v e ,  however, t o  emphasize t h e  e x t e n t  t o  which main system water  
d i s t r i b u t i o n  i s  s t i l l  neglec ted .  
A s  i s  ev ident  from t h e  foregoing  d i s c u s s i o n ,  many of t he  inadequacies  i n  
c u r r e n t  e f f o r t s  t o  e l i m i n a t e  d e f i c i e n c i e s  can be t r aced  to  the  weak i n -  
s t i t u t i o n a l  nrrangcrnents descr ibcd  i n  Sec t ion  3.2. Ln~provemcnts i n  t l ~ c s c  
arrangements a r e  tak ing  p l ace  i n  s e v e r a l  c o u n t r i e s ,  i n  some a t  an 
accep tab le  r a t e  and i n  o t h e r s  too slowly. S ince  improvements of t h i s  
n a t u r e  must occur  from w i t h i n ,  t h e  Study Team f e e l s  t h a t  o u t s i d e  i n t e r -  
ven t ion  should concen t r a t e  f o r  t h e  t ime being on approaches about  which 
l o c a l  agencies  a r e  r e c e p t i v e .  These a r e  i n  t h e  f i e l d s  of r e s e a r c h ,  
t r a i n i n g  and informat ion ,  a s  d i scussed  i n  t h e  r e s t  of t h i s  chap te r .  
Research, t r a i n i n g  and informat ion  a c t i v i t i e s  i f  p rope r ly  implemented 
should have f avourab le  spin-off e f f e c t s  on i n s t i t u t i o n a l  arrangements.  
Actions i n  t hese  f i e l d s  should moreover be planned t ak ing  i n t o  account  
e f f o r t s  by i n t e r n a t i o n a l  f i nanc ing  agencies ,  p a r t i c u l a r l y  t hose  aimed a t  
improvement of i n s t i t u t i o n a l  arrangements i n  connect ion wi th  p r o j e c t s  
sponsored by such agencies .  
Current  a c t i v i t i e s  i n  r e sea rch ,  t r a i n i n g  and informat ion  r e l a t e d  t o  
i r r i g a t i o n  management cover an  enormous range.  From t h e ' o u t s e t ,  i t  was 
recognized t h a t  t h e  Study Team should no t  c a r r y  o u t  a comprehensive 
review. In s t ead  we have concent ra ted  on' those  i n s t i t u t i o n s  and programs 
. which come c l o s e s t  i n  t h e i r  concerns and a c t i v i t i e s  t o  meeting major 
needs and covering major gaps i n  i r r i g a t i o n  management. 
4 . 2  Research 
I 
Ffuch c u r r e n t  r e sea rch  i s  component research which fo l lows  convent ional  
d i s c i p l i n a r y  l i n e s .  Valuable  a s  i t s  c o n t r i b u t i o n s  have been and w i l l  
cont inue  t o  be ,  t h e s e  a r e  no t  a primary concern f o r  t he  Study Team. 
Component r e s e a r c h  which s t u d i e s  one o r  a few a s p e c t s  of an i r r i g a t i o n  
system i n  r e l a t i v e  i s o l a t i o n  - whether i n .  engineer ing ,  s o i l s  s c i ence ,  
h y d r a u l i c s ,  agronomy, a g r i c u l t u r a l  6ngineer ing ,  o r  one of t he  s o c i a l  
s c i ences  - i s  b e s t  undertaken by s p e c i a l i z e d  i n d i v i d u a l s  o r  teams; and 
s p e c i a l i z e d  i n s t i t u t i o n s  f o r  such work e x i s t  i n  many c o u n t r i e s ,  u sua l ly  
organized along d i s c i p l i n a r y  l i n e s .  We a r e  more concerned with 
a .  r e sea rch  which can confront  the  whole sys  tem, inc luding  i t s  phys i ca l ,  
a g r i c u l t u r a l ,  i n s t i t u t i o n a l  and ope ra t iona l  dimensions, and the  
l inkages  betx.lccn t h e s e ;  and 
b. r e s e a r c h  which can i l l u m i n a t e  s i g n i f i c a n t  gaps i n  knowledge and 
understanding which can lead  t o  improvements i n  management perform- 
ance. 
There i s  l i t t l e  r e s e a r c h  which ana lyses  whole systems. Some c o n s u l t a n t s '  
r e p o r t s  purpor t  t o  do s o ,  b u t  a r e  u sua l ly  weak on the  i n s t i t u t i o n a l  and 
r c l l r l y  r e c e n t ,  and nave b e e n  c a r r i e d  o u t  by I n d i a n  a d m i n i s t r a t o r s  (Syed 
I ~ a s h i m  A l i ,  T.K. Jayaraman and o t h e r s ) ,  t h e  A g r a r i a n  Research and Tra in -  
i n g  I n s t i t u t e ,  Colombo, t h e  Asian I n s t i t u t e  o f  Management, Mani la ,  t h e  
I n s t i t u t e  of Development S t u d i e s ,  Sussex,  t h e  Overseas  Development 
I n s t i t u t e ,  London, C o r n e l l  U n i v e r s i t y ,  and some o t h e r  i n d i v i d u a l s  and 
i n s t i t u t i o n s .  D e s p i t e  t h e s e  e f f o r t s ,  major  gaps  remain i n  t h e  under- 
s t a n d i n g  of i r r i g a t i o n  sys tems  as wholes ,  and e s p e c i a l l y  t h e i r  human 
management a s p e c t s .  
I n  c o u n t r i e s  w i t h  l a r g e  i r r i g a t i o n  sys tems ,  such a s  I n d i a ,  P a k i s t a n ,  
Egypt and Mexico, numerous r e s e a r c h  p r o j e c t s  of v a r i o u s  k i n d s  a r e  under-  
way o r  p lanned ( s e e  d e s c r i p t i o n  i n  Annex 3 ) .  Because of t h e  many agen- 
cies i n v o l - ~ e d  t h e r e  i s  d u p l i c a t i o n  o r  l a c k  of c o o r d i n a t i o n  of e f f o r t s .  
Th i s  s i t u a t i o n  p o i n t s  t o  t h e  need a t  t h e  n a t i o n a l  l e v e l  f o r  g u i d a n c e ,  
c o n t r o l  and m o n i t o r i n g  of r e s e a r c h  conderning i r r i g a t i o n  management, and 
t h e  p o s s i b i l i t y  of i n t e r n a t i o n a l  a s s i s t a n c e  i n  e s t a b l i s h i n g  t h i s .  
Actioz research i s  a  r e c e n t  development i n  i r r i g a t i o n  management. 
Examples i n c l u d e  ( s e e  Annex 4) the'Mona P r o j e c t  i n  P a k i s t a n ;  work of 
Ira1 and t h e  N a t i o n a l  I r r i g a t i o n  A d m i n i s t r a t i o n  (NIA)  i n  The P h i l i p p i n e s ;  
a l s o  i n  The F h i l i p p i n e s  NIA's programme on communal i r r i g a t i o n  s y s t e m s ;  
t h e  A g r a r i a n  Research and T r a i n i n g  I n s t i t u t e  and C o r n e l l  U n i v e r s i t y  
P r o j e c t  on Gal Oya i n  S r i  Lanka; t h e  Egypt ian  Water Use P r o j e c t ;  and 
s e v e r a l  p r o j e c t s  i n  I n d i a .  
\ . J i  t h i n  t h e  broad term ' a c t i o n  r e s e a r c h '  t h e r e  a r e  v a r i o u s  a p p r o a c h e s ,  
b u t  a l l  s h a r e  a d i a g n o s i s . t o  d e t e r m h e  i n t e r v e n t i o n s ,  t h e  i n t r o d u c t i o n  
of t h e  i n t e r v e n t i o n s ,  and t h e n  moni to r ing  t h e i r  e f f e c t s .  I n  a l l  c a s e s ,  
t h e  i n t e r v e n t i o n s  a r e  l i v e  ones  on an  e x i s t i n g  sys tem.  I n  the view of  
t h e  Study Team, a c t i o n  r e s e a r c h ,  though s c a t t e r e d  and o c c u r r i n g  on f a r  
t o o  s m a l l  a s c a l e ,  i s  a promising p r a c t i c a l  approach t o  i d e n t i f y i n g  and 
overcorning many of t h e  problems of i r r i g a t i o n  management. 
4.3 T r a i n i n g  
I n  a s s e s s i r l g  t h e  coverage  of t r a i n i n g  c o u r s e s  i n  i r r i g a t i o n  inanngclncnt, 
t h e  S tudy  Team has  r e l i e d  on i t s  p r e v i o u s  lcnowlcdge, on e x p e r t  o p i n i o n ,  
on secondary s o u r c e s  and on v i s i t s  t o  t r a i n i n g  i n s t i ~ u t e s  i n  P r a n c e ,  
I n d i a ,  l iexico, P a k i s t a n ,  The P h i l i p p i n e s ,  Senegal and Sudan. Most t r a i n -  
i n g  courses  a r e  s p e c i a l i z e d ,  w i t 1 1  cont inuing  d i v i s i o n s  between each of 
t he  t h r e e  major a r e a s  - engineer ing  and hydrology; a g r i c u l t u r e ;  and the  
s o c i a l  s c i ences .  There a r e  a  l a r g e  number of s p e c i a l i z e d  t r a i n i n g  
courses  on t h e  more t e c h n i c a l  a s p e c t s  of i r r i g a t i o n .  
On i r r i g a t i o n  management i n  a  broader  sense  t h e r e  a r e  fewer. An FA0 
source1 l i s t s  25 o rgan iza t ions  which run  r e l e v a n t  cou r ses ,  of which 9 
a r e  i n  Europe, 6 i n  t h e  United S t a t e s ,  3 i n  t he  Near E a s t ,  3 i n  Asia  and 
the P a c i f i c ,  2  i n  Af r i ca  and 2  i n  La t in  America. As desc r ibed  i n  more 
d e t a i l  i n  Annex 3 i n  I n d i a  a major f a c i l i t y  f o r  i n - s e r v i c e  t r a i n i n g  i n  
water  management i s  being considered a t  a c o s t  of $ 50 m i l l i ~ n  during a  
f ive-year  pe r iod  (1983-1988) wi th  USAID suppor t .  P a k i s t a n  i s  a l s o  plan- 
ning s i g n i f i c a n t  t r a i n i n g  e f f o r t s .  I n  both cases ,  n a t i o n a l - l e v e l  guid- 
ance i n  manpower planning concerning t r a i n i n g  ( a l s o  personnel  p o l i c i e s )  
i s  a  p r i o r i t y .  
Without a  d e t a i l e d  review of cu r r en t  t r a i n i n g  c u r r i c u l a  i t  cannot  be 
s a i d  wi th  authori ' ty t h a t  any a spec t  of i r r i g a t i o n  t r a i n i n g  i s  no t  
covered somewhere. Our gene ra l  conclusion i s ,  however, t h a t  c u r r e n t  
t r a i n i n g  f a l l s  f a r  s h o r t  of what i s  r equ i r ed ,  i n  s t y l e ,  con ten t  and 
s c a l e .  Too l i t t l e  t r a i n i n g  involves  in-depth f i e l d  exposure. The sub- 
j e c t s  covered usua l ly  n e g l e c t  management p r a c t i c e s .  And tile s c a l e  of 
t r a i n i n g ,  even where t h e  s t y l e  and content  a r c  a p p r o p r i a t e ,  f a l l s  f a r  
s h o r t  of t h a t  r equ i r ed  t o  r e o r i e n t  and r e t r a i n  whole bureaucrac ies .  
4.4 h Information Exchange and Prof c s s i o n a l  Nc hJorlis 
1 .  T72e InternntiomZ Conrrnissiorr on Irrigation m d  Drai71agc. 
The I C I D  i s  3 p r o f e s s i o n a l  a s s o c i a t i o n ,  mainly b u t  no t  e n t i r e l y  of 
eng inee r s ,  wi th  n a t i o n a l  committees i n  78 c o u n t r i e s .  I n  some coun- 
t r i e s  only engineers  can be members; i n  o t lwrs ,  o t h e r  p r o f e s s i o n a l s  
concerned wi th  i r r i g a t i o n  can a l s o  jo in .  I t s  h e a d q ~ l n r t e r s  i n  New 
Delhi house a l i b r a r y  wi~ich has 20,000 volunles and t akes  over  200 
j o u r n a l s .  I t s  counci l  meets annunlly,  and every t h r e e  yea r s  n con- 
g r e s s  i s  held. Thc  I C I D  publ i shes  a  bi-annual b u l l e t i n  and an annual 
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bib l iography.  I t  has  working groups on s p e c i a l i z e d  s u b j e c t s ,  one of 
which i s  being s e t  up on i r r i g a t i o n  water  management. I C I D  co l l ab -  
o r a t e s  w i th  FA0 i n  rnat ters  concerning t h e  d isseminat ion  of i n f o m a -  
t i o n  about i r r i g a t i o n  and a g r i c u l t u r e .  I C I D  i s  promoting a  proposa l  
t o  s e t  up an  i n t e r n a t i o n a l  documentation c e n t r e  f o r  d a t a  and in fo r -  
mation on r e s e a r c h  on i r r i g a t i o n ,  dra inage  and f lood  c o n t r o l .  
2 .  The I r s i ga t i on  !4amgernent Netuork of-' the  Overseas Development Insti- 
t u t e ,  London. 
The Overseas Development I n s t i t u t e ,  a  non-government o r g a n i z a t i o n ,  
has  an A g r i c u l t u r a l  Adminis t ra t ion  Unit  which runs  t h r e e  networks,  of 
which i r r i g a t i o n  management i s  one. This  net-c~ork has about  600 mem- 
b e r s  i n  more than 50 coun t r i e s .  The ma jo r i t y  of members a r e  i n  devel- 
oping coun t r i e s .  Piembers i nc lude  people from a  wide range of d i s c i -  
p l i n e s  and experience wi th  a  common i n t e r e s t  i n  i r r i g a t i o n  p lanning ,  
des ign  and management, i nc lud ing  eng inee r s ,  a g r i c u l t u r a l i s t s ,  econ- 
omis t s  , a n t h r o p o l o g i s t s ,  soc io logis t ' s  and a d m i n i s t r a t o r s  . Flembership 
i s  f r e e  and menbers r e c e i v e  n e w s l e t t e r s  and d i s c u s s i o n  papers ,  and 
c o n t r i b u t e  t o  t h e  network through correspondence. The i r r i g a t i o n  
management networlc has been opera ted  by one person on a  p a r t  time 
b a s i s  f o r  about f i v e  yea r s  dur ing  which i t  has amply proved i t s  
worth. I t s  f u t u r e  must t o  some degree be linlced w i t h  t h e  manager who 
has run  i t  so  f a r .  \?ere t he  network n o t  t o  cont inue ,  a  s e r i o u s  gap 
would be l e f t .  
3 .  The AgriciZt icrczZ Seveloprnent Cotm&Z1s Asian Regional I m i g a t i o n  
C O : T T ? C X ~ C G ~ ~ O ~ Z  i!lefmo~-k. 
This  ietworlc, based i n  s ingapoke has llad a  geographica l  focus  on 
Asia.  It has d.is t r i b u t e d  a  n e w s l e t t e r  f r e e  t o  nicnibers , c i r c u l a t i n g  
d e t a i l s  of r ecen t  p u b l i c a t i o n s  anrd of r e s e a r c h  i n  p rog res s .  S ince  i t s  
manager re turned  t o  t h e  United S t a t e s ,  i t  has ceased t o  ope ra t e  pend- 
i n g  a poss ib l e  replacement.  
4 .  T l ~ e  I i ~ t ~ ~ i ~ : z a t i o i ? ~ ? ,  I171.-igctio71 I~~forrncrt-iotz Ce?rtre, ?zc~?r Ye2 Aviv. 
The I I I C  i s  a  clc,lringhouse f o r  infornlat ion about  i s r ig3 t i011 .  I t  pub- 
l i s h e s  a q u a r t e r l y  n e w s l e t t e r ,  I r r i l~cws ,  t oge the r  l r i th  q u a r t e r l y  
a b s t r a c t s ,  and r e p l i e s  t o  r e q u e s t s  f o r  in format ion .  bTliile in te rna-  
t i o n a l  i n  i t s  scope,  and n o t  l i m i t e d  t o  h igh -cap i t a l  water-sparing 
approaches,  i t s  l o c a t i o n  g ives  i t  s p e c i a l  compctencc i n  d r i p  and 
s p r i n k l e r  i r r i g a t i o n .  
5 .  Professional Interchange Unit, Indim Ins t i t u t e  of Management, 
BrmgaZore. 
This  u n i t  promotes in te rchange  between p ro fe s s ions  and d i s c i p l i n e s ,  
inc luding  t h e  engineer ing ,  a g r i c u l t u r a l  and s o c i a l  s c i e n c e s ,  i n  t h e  
f i e l d  of i r r i g a t i o n  management. I t  pub l i shes  Fhmana, a  b u l l e t i n  of 
information and comment, which inc ludes  d e s c r i p t i o n s  of c u r r e n t  re -  
search  and r e f e r e n c e s  t o  s i g n i f i c a n t  r e c e n t  p u b l i c a t i o n s  a c r o s s  a 
range  of d i s c i p l i n e s .  Although much of t he  m a t e r i a l  i s  from I n d i a ,  
Wamana has an i n t e r n a t i o n a l  c i r c u l a t i o n .  
6 .  Other Info,mation Systems. 
A g r e a t  number of o t h e r  in format ion  systems cover a  wide range  of 
s u b j e c t s  and d i s c i p l i n e s  wi th  some re levance  t o  i r r i g a t i o n  manage- 
ment. These inc lude  the  I n t e r n a t i o n a l  System f o r  t he  A g r i c u l t u r a l  
Sciences and Technology (AGRIS), t h e  World Science Informat ion  System 
(UNISIST) , t h e  Current  Research Informat ion  System (USDA/CRIS) , t he  
Permanent Inventory  of Agr icu l tura l 'Research  P r o j e c t s  i n  t h e  European , 
Communities (AGPXP), t h e  Database Guide f o r  European Assoc ia t ion  of 
, - Information Se rv i ces  (EUSIDIC), t he  Cornonwealth A g r i c u l t u r a l  Bureau 
(CAB),  and t h e  ~ $ a t i o n a l  A g r i c u l t u r a l  L ib ra ry  of t h e  USA (AGRICOLA). 
7 .  Periodicals. 
A r t i c l e s  about i r r i g a t i o n  management a r e  publ ished i n  n v i d e  v a r i e t y  
of p e r i o d i c a l s  i n  t h e  f i e l d s  of a g r i c u l t u r e ,  engineer ing ,  n a t u r a l  re-  
sou rces ,  econoixic and s o c i a l  s c i e n c e s ,  management s c i e n c e s  e t c .  A t  
l e a s t  40 p e r i o d i c a l s  can be l i s t e d  which from time t o  t ime pub l i sh  
a r t i c l e s  d e a l i n s  wi th  c e r t a i n  a s p e c t s  of i r r i g a t i o n  management. 
Useful though a l l  t he se  informat ion  sources and systems a r e ,  none com- 
b ines  a l l  the  charac  t e r i s  t i c s  which ;-the Study Team cons iders  necessary  
now i n  i r r i g a t i o n  management. IJhat i s  now needed, i n  a d d i t i o n  t o  and 
co~nplernenting t h e s e  c u r r e n t  e f f o r t s ,  i s  an i n £  ormation system whicll i s :  
- h igh ly  s e l e c t i v e ,  pass ing  on only .what i s  most u s e f u l ;  
- i n t e r n a t i o n a l  i n  scope;  
- c r o s s - d i s c i p l i n a r y ;  
- concerned .c~i t11 i~?~ro - . r i ng  t h e  management of i r r i g a t i o n  sys  tems ; 
- focussed on cond i t i ons  i n  developing coun t r i e s  where sma l l  farmers  
a r e  involved;  - 
- d i r e c t l y  l i nked - in  wi th  f i n d i n g s  from a c t i o n  r e sea rch ;  
- a b l e  t o  p ick  ou t  and r e p o r t  on improvcd manngcment practices; 
- backed by r e sou rces  which ensure  good covcrnge and c o n t i n u i t y .  
4.5 ~ u l t i - A c t i v i t y  I n t e r n a t i o n a l  Programmes 
Seve ra l  i n t e r n a t i o n a l  o rgan iza t ions  have been a c t i v e  i n  promoting 
r e sea rch ,  t r a i n i n g ,  and informat ion  exchange on i r r i g a t i o n  management. 
The World Bank has  helped t o  s e t  up t r a i n i n g  i n s t i t u t i o n s  such a s  t h e  
\Jater  and Land Management I n s t i t u t e  a t  Aurangabad i n  I n d i a ,  v i s i t e d  by 
t h e  Study Team, and has  sponsored and supported r e s e a r c h  on i r r i g a t i o n  
management, a c t i o n  r e sea rch ,  i n t e r n a t i o n a l  v i s i t s  by key o f f i c i a l s ,  and 
r e l e v a n t  i n s t i t u t i o n a l  change. The Ford Foundat ion,  i n  I n d i a ,  The 
- .  P h i l i p p i n e s ,  Indonesia  and elsewhere,  has  encouraged and supported many 
p ioneer ing  i n i t i a t i v e s  i n  r e sea rch ,  a c t i o n  r e s e a r c h ,  and p r o f e s s i o n a l  
t r a i n i n g  and in te rchange .  Other funding o r g a n i z a t i o n s  such a s  UNDP, t he  
Rockefe l le r  Foundation, and t h e  Asian Development Bank, have a l s o  played 
t h e i r  p a r t ,  a s  have b i l a t e r a l  donors.  A t  t h e  r i s k  of f a i l i n g  t o  g i v e  due 
weight and r e c o g n i t i o n  t o  t hese  and o t h e r  e f f o r t s ,  t h e r e  a r e  t h r e e  mul t i -  
a c t i v i t y  i n t e r n a t i o n a l  programmes t o  which t7e wish t o  draw a t t e n t i o n :  
FAO's I n t e r n a t i o n a l  Support Programme f o r  Farm Water Management; IRRI 's  
I r r i g a t i o n  Water Flanagement Programme; and the  USXID-suppoyted Water 
Management Synthes 2s Programme. 
1 .  F A O ' s  IntemmtionaZ Stpport Program for  F e r n  Plater fiiamgement (IS?). 
The ISP 1.7as e s t a b l i s h e d  i n  FAO's Land and Water Development D iv i s ion  
i n  December 1980, and has a  s t a f f  of t h r e e , p r o f e s s i o n a l s .  I t  i s  
designed t o  respond b e t t e r  t o  t h e  i n c r e a s i n g  needs of governments f o r  
a s s i s t a n c e  i n  improving t h e  d i s t r i b u t i o n  and use  of water  among the  
smal l  farmers  a s  a  p r e r e q u i s i t e  t o  producing more food and achiev ing  
a  more e q u i t a b l e  farm income d i s t r i b u t i o n .  The f o c a l  a r e a  i s  t he  farm 
l e v e l  b u t  t h e  s t r o n g  dependence o'f farm-level  management on the  
o v e r a l l  system's  management makes i t  i rcperat ive f o r  t he  ISP t o  d e a l  
w i th  a l l  phys i ca l  components of t h e  i r r i g a t i o n  system, and a l l  
p a r t i e s  a t  a11 l e v e l s  involved i n  t h e i r  management. 
The ISP has two major a r e a s  of a c t i v i t i e s .  The f i r s t  i s  a t  the  farm 
and v i l l a g e  l e v e l ,  w i th  t h e  implementation of p i l o t  improvement 
p r o j e c t s  cum t r a i n i n g  programs. This  emphasiscs a s s i s t a n c e  t o  farmers  
and f i e l d  a s s i s t a n t s ,  fa rmers '  p a r t i c i p a t i o n ,  low c o s t  technology, 
and t h e  use  of l o c a l  manpower, m a t e r i a l s  and resources .  
The second i s  a t  the  n a t i o n a l  government l e v e l ,  wi th  t h e  build-up and 
s t r eng then ing  of the  n a t i o n a l  capac i ty  t o  suppor t ,  coord innte  and 
guide t h e  f a rm/v i l l age  l e v e l  programs. This  ir-lcludes the  build-up of 
n a t i o n a l  r e s e a r c h  c a p a c i t y  t o  h a n d l e  f i e l d  l e v e l  problems,  promoting 
i n s t i t u t i o n a l  ar rangements  such a s  t h e  e s t a b l i s h m e n t  of I r r i g a t i o n  
E x t e n s i o n  S e r v i c e s ,  and t h e  build-up of n a t i o n a l  e d u c a t i o n a l  c a p a c i t y  
through t h e  i n t r o d u c t i o n  o r  s t r e n g t h e n i n g  of t e a c h i n g  programs i n  
w a t e r  management a t  s e l e c t e d  u n i v e r s i t i e s ,  c o l l e g e s  and v o c a t i o n a l  
t r a i n i n g  i n s t i t u t i o n s .  
FA0 h a s  o v e r  t h e  y e a r s  o rgan ized  20 n a t i o n a l  worlcshops on fa rm w a t e r  
management, and w i l l  i n  1982-1983 o r g a n i z e  b.70 i n t e r n a t i o n a l  seminars  
i n  Pfan i la  t o  d i s c u s s  P h i l i p p i n e  e x p e r i e n c e  w i t h  c m a l l - s c a l e  i r r i g a -  
t i o n  p r o j e c t s .  
I Jh i l e  t h e  main s t r e s s  of t h e  f i e l d  p r o j c c t s  a t  n a t i o n a l  l e v e l  i s  on 
t h e  fa rm l e v e l ,  farm w a t e r  management, and f a r m e r s '  p a r t i c i p a t i o n ,  
t h e  r e s e a r c h  and t r a i n i n g  u n d e r t a k e n  and proposed by t h e  I S P  i s  n o t  
l i m i t e d  t o  t h a t .  O f  p a r t i c u l a r  i n t e r e s t  i s  a  p r o j e c t  f o r  i n t e g r a t e d  
w a t e r  management i n  I n d o n e s i a ,  des igned  t o  e s t a b l i s h  an i n t e g r a t e d  
t r a i n i n g  c o u r s e  on w a t e r  management ' for  a g r i c u l t u r a l i s t s  and engin-  
e e r s  on a  p i l o t  a r e a ;  and t o  deve lop  r e l a t e d  f i e l d  c o u r s e s  a t  appro- 
p r i z t e  l o c a t i o n s  i n  o t h e r  p r o v i n c e s .  Tile p r o j e c t  y s  a l s o  t o  p r o v i d e  
s u p p o r t  t o  promote improved f a n 1  sys tems ,  u n d e r t a k e  t r a i n i n g  of lo1.1cr 
l e v e l  i r r i g a t i o n  and a g r i c u l t u r a l  s t a f f ,  and d i s s e m i n a t e  in£onn::tion 
on improved w a t e r  management s y s  tems through p u b l i c n t i o n r ;  and na  t i o -  
n a l  s c n i n a r s  . 
IRRI h a s  p i o n e e r e d  a c t i o n  r e s e a r c h  on i r r i g a t i o n  s y s t e a s .  L41t1ioug?~ 
i t s  Depar t n e n  t of I r r i g a t i o n  Water >[anagemen t h a s  o n l y  two s e n i o r  
p r o f e s s i o n a l s  x;rorlcing i n  t h i s  a r e a ,  IPJlI  has  c o l l a b o r a t e d  ~ . ~ i t l i  t!lc 
P h i l i p p i n e s  N a t i o n a l  I r r i g a t i o n  ~c1111inis t r n t i o n  t o  mLllr,e n m ~ j  o r  con- 
t r i b u t i o n ,  n o t  l e a s t  i n  drawing i n t e r n a t i o n a l  a t t e n t i o n  t o  rile 
p o t e n t i a l  from improved main  s y s  t e n  management. 
ISTI ' s  con t  inui i l s  and p r o  j cc t t d  \.7orli i u  t h i s  f i e l d  inc lude<;  s t u d i c s  
i n  t h e  P l ~ i l i p ~ i n e s  f o r  i r r i g a t i o n  system manngement based on r e s e r -  
v o i r  s t o r c ~ g c ,  f o r  pc1:11p sys tc:n m3nnge1;1ent, aiicl f o r  Ear-rler organis .?-  
t i o n .  Economic s t u d i c s  of i r r i . r , a t i o ~ l  nin~l;i~;l:c.~:,ent r ~ l t c r n a t i v e s ,  and 
w a t e r  u s e  and r i c c  yielcI s t u r l i c s  a r e  a l s o  c o n t i r l ~ ~ ~ i u g  o r  p r o j e c t e d .  
I n  a d d i t i o n ,  I K R I  h a s  i n i t i a t e d  two w a t e r  management s t u d i c s  o u t s i d e  
t h e  P h i l i p p i n e s  and  i n  c o l l n b o r a t i o n  w i  t l l  n a t i o n a l  r e s e a r c h  and 
governmen t i n s  t i  t u t i o ~ l s  : i r l  Ennglntlcsh, t o  deve lop  e  f f c c t i v e  mek\lod:; 
t e s t ' t h e  e f f e c t s  of optimum l e v e l s  of s o i l ,  water  and crop management 
on y i e l d s ;  and i n  Indones ia ,  t o  i n c r e a s e  t h e  product ion of r i c e  and 
o t h e r  c rops  through b e t t e r  use  of a v a i l a b l e  i r r i g a t i o n  crater and 
inc reased  cropping i n t e n s i t y  and t o  s tudy  t h e  c o n s t r a i n t s  t o  h igh  
y i e l d s  i n  s e l e c t e d  s imple i r r i g a t i o n  systems. 
I R R I  a l s o  conducts  a  6-week i r r i g a t i o n  water  management t r a i n i n g  
course ,  w i th  t h e  purpose of developing i n  t h e  p a r t i c i p a t i n g  n a t i o n a l  
agencies  a  c o r e  group of personnel  knowledgeable i n  t h e  r e l e v a n t  
concepts  and procedures  f o r  e f f i c i e n t  management of i r r i g a t i o n  water .  
3 .  USAID'S IJater j4anagement Syn thes i s  Project. 
This  program i s  implemented by a consortium of United S t a t e s  Univer- 
s i t i e s  - t h e  Consortium f o r  I n t e r n a t i o n a l  Development. Colorado S t a t e  
Un ive r s i t y  and Utah S t a t e  Univers i ty  s e r v c  a s  lead  u n i v e r s i t i e s  f o r  
the  p r o j e c t .  Two main a c t i v i t i e s  of t h e  program a r e  farm-level  a c t i o n  
r e s e a r c h  and t r a i n i n g .  
E a r l i e r  a c t i o n  r e s e a r c h  was c a r r i e d  o u t  i n  Pak i s t an  on t h e  Mona Pro- 
j e c t ,  and noTcT Colorado and Oregon S t a t e  Unliversi t ies  a r e  involved 
j o i n t l y  wi th  t h e  Egyptian Water Research Centre  a t  t h r e e  s i t e s  i n  t he  
Ni l e  Val ley  ( s e e  Annex 3 ) .  This  a c t i o n  r e sea rch  seelcs t o  i d e n t i f y  
c o n s t r a i n t s  t o  improved water  management, opt imal  i r r i g a t i o n  2nd re -  
l a t e d  agronozic  p r a c t i c e s  a t  t he  farm l e v e l ,  and opt imal  o p e r a t i o n  of 
the  d e l i v e r y  system. It  i s  a l s o  concerned .with fa rmers '  p a r t i c i p a t i o n  
'and ex tending  t h e  l e s sons  l e a r n t .  
I n  t r a i n i n g ,  t he  program devclops m a t e r i a l s  f o r  on - s i t e  t r a i n i n g  
courses ,  and nanuals  f o r  improving water  ni3uagcmcnt. Innovat ive  on- 
s i t e  t r a i n i n g  courses  f o r  p r o f e s s i o n a l  development have been success-  
f u l l y  held i n  s e v e r a l  coun t r i e s , 'mos t  r e c e n t l y  i n  I n d i a .  These 
. u r sc s  have involved p a r t i c i p a n t s  i n  d e t a i l c d  on- f ie ld  mu l t i -d i sc i -  
p l i n a r y  i n v e s t i g a t i o n s  and d i agnos i s  of problems. Fu r thc r  courses  a r e  
planned.  
.- 
These and o t h e r  m u l t i - a c t i v i t y  . i n t e r n a t i o n a l  programs proruise t o  con- 
t i nue  t o  make u s e f u l  c o n t r i b u t i o n s .  Each has i t s  p a r t i c u l a r  s t r e n g t h s .  
FAO1s I n t e r n a t i o n a l  Support Program i s  f ocusscd p r imar i ly  oh the farm 
and n a t i o n a l  l e v e l s  and h i s  l i n k s  with a g r i c u l t u r a l  i n s t j t u t i o n s .  The 
I R R I  program covers  both main system management and on-farm a r e a  manage- 
ment and i s  s p e c i a l i z e d  on r i c e  c u l t i v a t i o n  i n  t h e  humid t r o p i c s .  USAID'S 
\dater Management Synthes is  p r o j e c t  i s  concent ra ted  i n  c e r t a i n  c o u n t r i e s  
and a l s o  s t r e s s e s  t h e  farm l e v e l .  The Study Team cons ide r s  t h e s e  and 
o the r s  t o  .be v a l u a b l e  e f f o r t s ,  b u t  recognizes  t h a t  they do n o t ,  and 
cannot be expected t o ,  cover a l l  t h e  gaps and needs f o r  r e s e a r c h ,  t r a i n -  
ing  and informat ion  i n  t h e i r  f u l l  i n t e r n a t i o n a l  scope and range  of 
a spec t s .  
FURTIIER NEEDS FOR PSSEARCII , T R A I N I N G  AND INFORUTION 
5. I I n t r o d u c t i o n  
C u r r e n t  e f f o r t s ,  v a l u a b l e  a s  many of  them a r e ,  c a n n o t  and do n o t  f u l l y  
n;eet t h e  needs  o f  t h e  s i t u a t i o n .  They Cannot and do n o t  meer them i n  
terms of s c a l e  and volume, a l t h o u g h  a s  t h e i r  p r i o r i t i e s  a r e  r e c o g n i z e d ,  
they  may, a s  t h e y  s h o u l d ,  do  more and r e c e i v e  more r e s o u r c e s .  Elore 
p o i n t e d l y ,  f o r  o u r ' p u r p o s e s ,  t h e s e  e f f o r t s  l e a v e  l a r g e l y  untouched 
c e r t a i n  key management a c t i v i t i e s  and certain a s p e c e s  of  r e s e a r c h ,  
t r a i n i n g  and i n f o r m a t i o n .  These  gaps  a r e  r a r e l y  a b s o l u t e .  But a s  we 
s h a l l  a r g u e  i n  t h i s  C h a p t e r ,  t he  n e e d s  and o p p o r t u n i t i e s  a r e  s o  g r e a t ,  
and s o  l i t t l e  i s  done,  t h a t  f u r t h e r  s p e c i a l  a t t e n t i o n  i s  r e q u i r e d .  
One approach i s  t o  n o t e  l e s s o n s  of  wealcnesses and s t r e n g t h s  i n  some 
c u r r e n t  e f f o r t s .  These s u g g e s t  t h r e e  p r i n c i p l e s :  
F i r s t ,  t a k i n g  t h e  whole systcm as t h e  i n i t i a l  u n i t  of  a n a l y s i s .  Q u i t c  
L t h e r e  i s  o v e r c o n c e n t r a t i o n  on one a s p e c t  o r  a r e a  of  an  i r r i g a t i o n  
sys tem w i t h o u t  p r i o r  a t t e n t i o n  t o  t!le whole.  The whole  sys tem h e r e  
i n c l u d e s  p h y s i c a l ,  a g r i c u l t u r a l ,  o p e r r ~ t i o n a l  and i n s t i t u t i o n a l  dimen- 
s i o n s ,  togc  t h e r  w i t h  s y s t e m ' s  environnient .  A p p r a i s a l  of  t h e  whole s y s  tern 
i s  3 n e c e s s a r y  s t a g e ,  w h i l e  i n t e r v e n t i o n s  o f t e n  have t o  app ly  i n i t i a l l y  
:n p a r t s  of  sys tems .  
Second, m ~ Z t i c 7 i s e - i p Z i ~ z m ~ i t y .  Narrow d i s c i p l i n a r y  and t h e  
a n i s s i o n  o f  t h e  c o n c e r n s  of  ally major  d i s c i p l i n e  o r  group of d i s c i p l i n e s  
( e s p e c i a l l y  e n g i n e e r i n g ,  hydro logy ,  s o i l  s c i e n c e ,  agronomy, a g r i . c u l t u r a 1  
economics, s o c i o l o g y ,  and management) can g e n e r a t e  m i s l e a d i n g  c1ingno:;es 
and i n e f f e c t i v e  p r e s c r i p t i o n s .  Some a s p e c t s  of i r r i g a t i o n  a r c  a l s o  l e f t  
u n i l l u m i n a t e d  a s  g a p s  between d i s c i p l i n e s .  
T h i r d ,  a f i e l d  orientat ion.  A n a l y s i s  and a c t i v i t i e s  t o  improve irri- 
g a t i o n  management mus t  b e  r o o t e d  i n  f i e l d  r e a l i t i e s .  D i a g n o s t i c  ana ly -  
s i s ,  p l a n n i n g ,  d e s i g n  and o p e r a t i o n  must  a l l  b e  p r a c t i c a l ,  f i e l d - t e s t e d ,  
and implementab le  g i v e n  t h e  c o n s t r a i n t s  of t h e  r e a l  wor ld .  
These t h r e e  p r i n c i p l e s  a r e  n o t  o f t e n  implemented t o g e t h e r .  Whole sys tems  
a r e  a n a l y s e d ,  b u t  by one o r  two d i s c i p l i n e s  o n l y .  M u l - t i d i s c i p l i n a r y  
f i e l d - b a s e d  d i a g n o s e s  a r e  undertalcen,  b u t  ma in ly  below t h e  o u t l e t .  These 
p a r t i a l  a n a l y s e s  l e a v e  gaps  i n  d i a g n o s i s ,  p r e s c r i p t i o n ,  and unders tand-  
i n g .  
A f u r t h e r  g e n e r a l  p o i n t ,  a l r e a d y  s t a t e d  i n  Chapter  4 ,  i s  t h e  S tudy  
T e a ' s  c o n c l u s i o n  t h a t  i n s t i t u t i o n a l  a r rangements ,  o f t e n  a  ma jor  impedi- 
ment i n  i r r i g a t i o n  s y s t e m ,  a r e  b e s t  approached from w i t h i n  b u t  t h a t  
o u t s i d e  s u p p o r t  i n  r e s e a r c h ,  t r a i n i n g  and informat i .on can  b e  e f f e c t i v e  
i n  s t i m u l a t i n g  improvement i n  i n s t i t u t i o n a l  a r rangemenrs .  
A g a i n s t  t h i s  background,  t h e r e  a r e  major  a c t i v i t i e s  which z r e  ined-  
e q u a t e l y  covered ,  o r  s c a r c e l y  touched a t  a l l ,  and where  v e  c o n s i d e r  a  
s p e c i a l  i n t e r n a t i o n a l  i n i t i a t i v e  t o  b c  t h e  most  c o s t - e f f e c t i v e  v a y  
f o n q s r d .  These  a c t i v i t i e s  a r e  a c t i o n  r e s e a r c h ;  r e s e a r c h  on p r a c t i c e s  f o r  
management; t r a i n i n g  f o r  p r o f e s s i o n a l  development ;  and d i s s e m i n a t i n g  
s e l e c t e d  i n f o r m a t i o n .  
I. 
A c t i o n  Resea rch  
The S tudy  Team s e e s  a c t i o n  r e s e a r c h  a s  a  pr ime means of  g i v i n g  e>:pres- 
s i o n  t o  t h c s e  t h r e e  p r i n c i p l e s .  The broad term ' a c t i o n  r c s c n r c h '  c o v e r s  
s e v e r a l  a p p r o a c h e s ,  ' b u t  a11  a r c  f i e l d - b a s e d .  Ac t ion  rcser?.rch czn i n -  
v o l v e  a  s m a l l  conmlunal o r  a  w l ~ o l e  l a r g e  sys tem,  o r  p a r t  of a l a r g e  
sys tem such  a s  a n  o u t l e t ,  a minor ,  a  distributary, o r  a  b ranch  c a n a l .  
The a r e a  covered may u s u a l l y  b e  i n  t h e  r a n g e  bctwccn 100 and 10,000 
h a ,  though i t  c o u l d  b e  l e s s  o r  111ore depcnding on c o n d i t i o n s  and ncccls. 
-- 
I For  f u r t h e r  d e s c r i p t i o n  and a p r e l i m i n a r y  l i s t  of : ~ c c i o n  I-csccl.l-ch 
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Action r e sea rch ,  a s  c u r r e n t l y  understood,  r e q u i r e s  t h e  choice ,  introduc-  
t i o n  and t e s t i n g  of i n t e r v e n t i o n s  on l i v e  i r r i g a t i o n  systems,  t y p i c a l l y  
w i th  s i x  a c t i v i t i e s :  
- d i a g n o s t i c  a n a l y s i s  and t h e  choice  of i n t e r v e n t i o n s  
- benchmark surveys  
- a c t i o n  t ak ing  
- monitor ing and eva lua t ion  
- i d e n t i f y i n g  l e s sons  
- extending the  l e a r n i n g  t o  o t h e r s  and elsewhere 
I d e s l l y  i t  involves  c o l l a b o r a t i v e  l e a r n i n g  between fa rmers ,  r e s e a r c h e r s ,  
~ n l i  p r o j e c t  s t a f f .  It i s  i t e r a t i v e  and adap t ive ,  a b l e  t o  move through 
s t a g e s ,  s t a r t i n g  w i t h  e a s i e r  i n t e r v e n t i o n s  such a s  changes i n  water  
schedul ing ,  o t h e r  management: procedures ,  and minor i n f r a s t r u c t u r a l  i m -  
provenent,  and subsequent ly moving t o  changes i n  cropping p a t t e r n s ,  
f a m e r s f  o rgan iza t ions ,  s t a f f  i n c e n t i v e s ,  and o r g a n i z a t i o n a l  s t r u c t u r e s .  
Action r e sea rch  al lows f o r  i n t e r v e n t i o n s  t a i l o r e d  t o  l o c a l  cond i t i ons .  
It can provide a  l e a r n i n g  l a b o r a t o r y  f o r  understanding t h e  problens  and 
p o t e n t i a l s  of i r r i g a t i o n  management and f o r  use i n  management t r a i n i n g .  
I t  a l s o  p re sen t s  p o i n t s  of e n t r y  i n t o  a  'sequence of changes i n  p a r t  of a  
system which may l a t e r  come t o  encompass t he  whole system. 
The methods and problems of i r r i g a t i o n  management a c t i o n  r e s e a r c h  a r e  
becoming b e t t e r  understood,  and a c t i o n  r e s e a r c h e r s  and o t h e r s  have begun 
t o  s h a r e  t h e i r  exper iences . '  But much more i s  needed i n  b r ing ing  a c t i o n  
r e sea rche r s  i n t o  c o n t a c t  wi th  one another ,  i n  c o l l a t i n g  and s i f t i n g  
exper ience ,  i n  developing r e p l i c a b l e  methods drawing on t h e  techniques  
of d i f f e r e n t  d i s c i p l i n e s ,  and i n  t r a i n i n g  f o r  a c t i o n  r e sea rch .  Questions 
t o  be  addressed inc lude  methods of d i a g n o s t i c  a n a l y s i s  t o  s e l e c t  i n t e r -  
..ens; problems of ensur ing  r e l i a b l e  d a t a ;  overcoming t h e  p i l o t  
p r o j e c t  syndrome w i t h  unmonitored s p e c i a l  i n p u t s ;  r e l a t i o n s h i p s  between 
r e s e a r c h e r s  and p r o j e c t  s t a f f ;  problems of i n t e r p r e t a t i o n ,  i nc lud ing  
m u l t i p l e  c a u s a l i t y ;  p o s s i b l e  s h o r t  c u t s  through model l ing;  t he  use  of 
a c t i o n  r e sea rch  a s  ;I : ~ a y  i n t o  o t h e r  a c t i v i t i e s  and q ~ l e s t i o n s ,  i nc lud ing  
For example, i n  Septcntber 1981 an International Seminar on F i e l d  
Research I\lethotIologi.cs f o r  Improved I r r i g a t i o n  Systcms Planngernent was 
organized by the  College of ~ ~ r i c u l t u r a l '  Engineering a t  t hc  Tnmil 
Nadu A g r i c u l t u r a l  Un ive r s i t y ,  Coimbatore. 
t r a i n i n g  and i n s t i t u t i o n a l  development;  and t h e  r e p l i c a t i o n  o f  i n t e r v e n -  
t i o n s  which have  been s u c c e s s f u l l y  t e s t e d .  
Ac t ion  r e s e a r c h  i s  a h i g h - r i s k  a c t i v i t y  w i t h  h i g h  p o t e n t i a l  p a y o f f s ,  and 
f o r  a l l  i t s  d i f f i c u l t i e s ,  i t  a p p e a r s  a r e a l i s t i c ,  p r a c t i c a l  and c o s t -  
e f f e c t i v e  approach t o  improving i r r i g a t i o n  management. 
5.3 Research on P r a c t i c e s  f o r  Management 
Both f l o w i n g  f r o n  and complementing a c t i o n  r e s e a r c h ,  r e s e a r c h  i s  needed 
t o  i d e n t i f y ,  a n a l y s e  and improve p r a c t i c e s  f o r  key a c t i v i t i e s  a s s o c i a t e d  
w i t h  i r r i g a t i o n  management. The most i m p o r t a n t  a r e  t h o s e  which have  
r e c e i v e d  l e s s  a t t e n t i o n ,  o r  which a r e  s o  c e n t r a l  t h a t  improvements t o  
them should  b r i n g  h i g h  b e n e f i t s .  Without e x c l u d i n g  o t h e r s  t h e  Study Team 
wishes  t o  draw a t t e n t i o n  t o  t h e  po ten t i ' a l  of  f i v e  a c t i v i t i e s :  
1 )  D i a ~ n o s t l c  mxzlysis .  , - 
The term d i a g n o s t i c  a n a l y s i s  i s  used t o  i n c l u d e  t h e  a p p r a i s a l  of a n  
e x i s t i n g  i r r i g a t i o n  system,  a n a l y s i s  of problems and o p p o r t u n i t i e s ,  
and t h e n  c h o i c e  of i n t e r v e n t i o n s  t o  improve performance.  D i a g n o s t i c  
ana l jvs i s  i s  q u i t e  o f t e n  c a r r i e d  o u t ,  b u t  h a s  r a r e l y  i f  ever bccn 
s t u d i e d  and developed a s  a n  a c t i v i t y  i n  i t s  own r i g h t  f o r  a  whole 
sys tem.  The work of t h e  USAID-supported LJatcr Management S y n t h e s i s  
P r o j e c t  ( s e e  S e c t i o n  4 . 5 ) ,  h a s  bcen c l o s e  t o  t h i s ,  b u t  i t s  main f o c u s  
h a s  been a t  farm r a t h e r  t h a n  system l e v e l .  I n  p r a c t i c e ,  most ap- 
p r a i s a l s  and d i a g n o s e s  a r e  c a r r i e d  o u t  by one o r  a few s p e c i a l i s t s ,  
cnch p r e d i s p o s e d  t o  s e e i n g  t h e  problems and p r e s c r i b i n g  t h e  remcdies 
of h i s  ovm d i s c i p l i n e .  A g r i c u l t u r a l  economics and management a r e  
r a r e l y  i n c l u d e d ,  and f a r m e r s '  p e r c e p t i o n s  and i n s i g h t s  a r e  o f t e n  
n e g l e c t e d .  The need h e r e  i s ,  drawing on e x i s t i n g  e x p e r i e n c e ,  t o  de- 
v e l o p  and t e s t  ncw mcthods of c o s t - e f f e c t i v e  c l ingnos t i c  a n a l y s i s  f o r  
wide u s e  t o  i d e n t i f y  op t i m a l  sequences nrld r!~i?:cs of f c n s i b l e  i n ~ p r ~ ~ v e -  
ments .  
2 )  Info-matio?: syste?rls for rnonitoriug cnzd for sys-t-ern r:lcnlcgcnlcnt. 
The p r i o r i t y  of improved moni to r ing  and conmlunications 113s bccn se- 
p e a t e d l y  s t r e s s e d  t o  t h e  S  tucly Team. Flanngers of i r r i g a t i o n  s y s  terns 
o f t e n  do n o t  Icnow 151131: i s  I ~ n p ~ c ~ l i n g  o  different p a r t s  of t h e i r  
systems o r  how w e l l  they  a r e  pe r fo rming .  Quicker  and more a c c u r a t e  
r e s p o n s e s  t o  r a i n f a l l  and t o  changes i n  l o c a l i z e d  demand a r e  d i f f i -  
c u l t  o r  i m p o s s i b l e  when t h e  i n f o r m a t i o n  needed i s  n o t  a v a i l a b l e  t o  
t h e  r i g h t  p e r s o n  a t  t h e  r i g h t  t ime.  There  a r e  o f t e n  no r e l i a b l e  d a t a  
on c r o p s  p l a n t e d  and t h e i r  w a t e r  r e q u i r e m e n t s ,  on w a t e r  d e l i v e r i e s ,  
on t h e  e q u i t y  of w a t e r  d i s t r i b u t i o n ,  on w a t e r  d e f i c i e n c i e s  and ex- 
c e s s e s ,  o r  on  c r o p  p r o d u c t i o n .  Managers w i t h  i n a d e q u a t e  i n f o r m a t i o n  
f i n d  i t  d i f f i c u l t  t o  p i n p o i n t  and change i n e f f i c i e n t  p r a c t i c e s ,  and 
cannot  f u l l y  u s e  t h e  c a p a c i t y  t h e y  have t o  c o n t r o l  w a t e r  d i s t r i b u -  
t i o n .  
3 )  ,'inter scizedli li??g and de Zivemj. 
O p e r a t i o n a l  decision-making abou t  w a t e r  d i s t r i b u t i o n  on main sys tems  
i s  n o t  y e t  a  n a j o r  f o c u s  of p r o f e s s i o n a l  a t t e n t i o n  on most of t h e  
p r o j e c t s  w i t h  v h i c h  t h e  Study Team is  f a m i l i a r .  Water s c h e d u l i n g  i s  
o f t e n  governed by e s t a b l i s h e d  c o n v e n t i o n s ,  r u l e s  of thuml), and l o c a l  
p r e s s u r e s  r a t h e r  t h a n  by a g r i c u l t u r a l  needs  and e q u i t y .  The impera- 
t i v e  f o r  more f i n e - p o i n t e d  w a t e r  d i s t r i b u t i o n  t o  a c h i e v e  a  b e t t e r  f i t  
w i t h  c rop  w z t e r  ' r equ i rements  needs  no emphasis.  But w a t e r  s c h e d u l i n g  
and d e l i v e r y  r e c e i v e  n e g l i g i b l e  a t t e n t i o n  i n  most t r a i n i n g  c u r r i c u l a  
f o r  t h o s e  who manage i r r i g a t i o n  sys tems .  The need i s  t o  compare 
e x i s t i n g  t e c h n i q u e s  f o r  s c h e d u l i n g  and d e l i v e r y  of w a t e r  on sys tems  
where c l i e n t s  a r e  l a r g e  numbers of s m a l l  f a r m e r s ;  and t o  d e v i s e  i m -  
provemenrs,  r a i s i n g  t h e  s t a t u s  and i n t e r e s t  of main sys tem w a t e r  
managenent and i n v e s t i n g  i t  w i t h  more p r o f e s s i o n a l  prestige. 
4 )  Iizstit~ztiomzZ developrncrz-t. 
A n e g l e c t e d  dimension of t h e  manrigement of i r r i g a t i o n  systems i s  t h e  
management of peop lc .  I r r i g a t i o n  sys tems  a r c  complex i n  human organ- 
n i z a t i o n ,  t h e  l a r g e r  ones i n v o l v i n g  a  d i s p e r s e d  bureaucracy ,  and a l l  
i n v o l v i n g  f ari;;crs and t h e i r  o r g a n i z a t i o n .  Thcrc  a r e  t h r e e  l e v e l s  a t  
which methoc!~ o f  r:iAnagement need compara t ive  a n a l y s i s  and develop-  
ment. 
F i r s t ,  t h e  management of i r r i g a t i o n  s t a f f  t l icmselvcs.  Th i s  i n c l u d e s  
a d m i n i s t r a t i v e  p r o c e d u r e s ,  p e r s o n n e l  p o l i c i e s ,  i n c e n t i v e s  and r e -  
wards ,  f a c i l i t i e s ,  and t r a i n i n g ,  and t he  r e l a t i o n s h i p s  between t h e s e  
and system perfor;l?ance. A l t h o u ~ h  f r e q u e n t l y  p o i n t e d  t o  a s  a  problecl  
a r e a ,  t h i s  has  r e c e i v e d  l i t t l e  sysremcltic r e s e a r c h  ant1 development.  
Second, fa rmer  p a r t i c i p a t i o n  and o r g a n i z a t i o n .  Th is  h a s  r e c e i v e d  more 
a t t e n t i o n ,  though much i s  a t  t h e  l e v e l  of r h e t o r i c .  Plore needs  t o  b e  
unders tood  about  t h e  r e l a t i o n s h i p s  between f a n n e r  p a r t i c i p a t i o n  and 
t h e  c h a r a c t e r i s t i c s  o f  t h e  w a t e r  supp ly  d e l i v e r e d  t o  fa rmer  g roups .  
T h i r d ,  t h e  i n t e r f a c e  between f a r m e r s  and i r r i g a t i o n  s t a f f .  Nuch of 
t h e  e f f i c i e n c y  of a system c a n  depend on t h e  e x t e n t  t o  which f a r m e r s '  
needs  a r e  communicated upwards and on t h e  c o n f i d e n c e  they  have i n  
w a t e r  d e l i v e r i e s .  The d i f f e r e n t  ar rangements  and dynamics o f  t h i s  
i n t e r f a c e  a r e  i n s u f f i c i e n t l y  unders tood .  
5 )  Planning and &sign. 
The f requency  w i t h  which poor performance i s  t r a c e d  back t o  e r r o r s  o r  
l a c k  of f o r e s i g h t  i n  p l a n n i n g  and d e s i g n  p r o a p t s  t h e  Study T e z ~  t o  
s t r c s s  t h e  need t o  improve t h e i r  methodolog ies .  Tendencies  t o  over-  
look o r  i g n o r e  c r u c i a l  p h y s i c a l ,  a g r i c u l t u r a l ,  o p e r z t i o n a l  and i n s t i -  
t u t i o n a l  f a c t o r s ,  and t o  adop t  narrow p r o j e c t  o b j e c t i v e s ,  l i m i t e d  t o  
econor?ic, f i n a n c i a l  and p r o d u c t i o n  t a r g e t s ,  have c o n t r i b u t c d  t o  
d i s a p p o i n t i n g  p e r f o m a d c e .  For t h e  f u t u r e ,  p l a n n i n g  and d e s i g n  r e -  
q u i r e  s t r o n g e r  a t t e n t i o n  t o  f a c t o r s  n e g l e c t e d  i n  t h e  p a s t  a t  h i g h  
c o s t ,  such a s  t r a n s m i s s i o n  l o s s e s ;  o p e r a t i o n  requi.remcnts i n  r e l a t i o n  
t o  c r o p s ,  u a t c r  a v a i l a b i l i t y ,  and r a i n f a l l ;  on farm f a c i l i t i e s ;  
f a rming  sys tems ;  and fa rmer  p a r t i c i p a t i o n .  
T r a i n i n g  f o r  p i o f  e s s i o n a l  developmer~t  
Much c u r r e n t  t r a i n i n g  i s  based  i n  t h e  c lass room r a t h e r  t h a n  i n  f i e l d  
r e a l i t i e s .  While c lass room work i s  needed, i t  has  t o  b e  o f f s e t  and 
r e o r i e n t e d  by f i e l d  esposure .  There  i s  much t o  be  s a i d  f o r  t h e  u s e  of 
t r a i n i n s  m a t e r i a l s  d e r i v e d  from r e c e n t  f i e l d  e x p e r i e n c e ,  and f o r  t r a i n -  
i n g  a c t i v i t i e s  t,rl-rich t a k e  p l a c e  i n  f i c l d  s i t u a t i o n s .  
R e a l i s t i c  and u s e f u l  t r a i n i n g  can t a k e  many forms. D i a g n o s t i c  a n a l y s c s  
by m u l t i d i s c i p l i n a r y  teams a r e  one e s c c l l c n t  d e v i c e ,  used f o r  on-farm 
development i n  a  r e c e n t  t r a i n i n g  programme i n  G u j a r a t  i n  I n d i a .  Ac t ion  
r e s e a r c h  y r o j  e c t s ,  as  f i e l d  l a b o r a t o r i e s ,  g e n e r a t e  a  w e a l t l ~  of i n f  orinn- 
t i o n  and i n s i g h t  which c311 b c  s h a r e d .  S i r ~ i u l a t i o n  gnalcs , based on 1-cnl- 
i s t i c  i n f o r m a t i o n ,  a r e  a  powcrful  t o o l  f o r  l e a r n i n g  ant1 f o r  changes i n  
awareness .  I n  S r i  Lanka r e c e n t l y ,  f o r  example, a n  a c t i o n  r e s e a r c h  group 
d e v i s e d  and used a  s i m u l a t i o n  game t o  enhance awareness  and deve lop  
i n s i g h t s  i n t o  t h e  problems t o  b e  f a c e d  i n  a  r e h a b i l i t a t i o n  programme. 
Some of  t h e  t r a i n i n g  most b a d l y  needed i s  i n  management p r a c t i c e s  which 
themselves  a r e  i m p e r f e c t l y  unders tood  and developed.  These i n c l u d e  t h o s e  
p r a c t i c e s  which a r e  p r i o r i t i e s  f o r  r e s e a r c h  and development: m u l t i d i s -  
c i p l i n a r y  d i a g n o s t i c  a n a l y s i s  f o r  whole sys tems ;  main sys tem management 
i n c l u d i n g  t h e  s c h e d u l i n g  and d e l i v e r y  of w a t e r  t o  s m a l l  f a r m e r s ,  and 
methods f o r  m o n i t o r i n g  and c o n t r o l ;  t h e  management of i r r i g a t i o n  s t a f f ;  
f a r m e r s '  o r g a n i z a t i o n s ;  communications w i t h  f a r m e r s ;  p l a n n i n g  and 
d e s i g n ;  and methods f o r  a c t i o n  r e s e a r c h .  
h e  way forward i s  a  composi te ,  e v o l v i n g ,  f i e l d - b a s e d ,  e x p e r i m e n t a l  ap- 
p roach ,  combining a c t i o n  r e s e a r c h ,  improved i r r i g a t i o n  management p rac -  
t i c e s ,  s i m u l a t i o n s  and o n - f i e l d  t r a i n i n g .  Such an  approach s h o u l d  de- 
v e l o p  new t r a i n i n g  methods ,  and new m a t e r i a l s  f o r  use  i n  c u r r i c u l u m  
development. As good methods and m a t e r i a l s  a r e  developed and p r o v e d ,  ' 
they can be  use8  i n  t r a i n i n g  t r a i n e r s .  U h i l e  t h i s  i s  n o t  t h e  o n l y  ap- 
p roach ,  i t  looks  a ' f a i r l y  d i r e c t  r o u t e  t o  b e t t e r  i r r i g a t i o n  management. 
5 .5  D i s s e m i n a t i n g  s e l e c t e d  i n f o r m a t i o n  
I r r i g a t i o n  mznagement i s  a r a p i d l y  e v o l v i n g  f i e l d ,  a t t r a c t i n g  more and 
more a t t e n t i o n ,  and a n  i n f o r m a t i o n  e x p l o s i o n  i s  g a t h e r i n g  momentum. A s  
i t  becomes c l e a r e r  t h a t  i r r i g a t i o n  managers must have a  m u l t i d i s c i p l i n -  
a r y  u n d e r s t a n d i n g ,  s o  a l s o  t h e  amount of i n f o r m a t i o n  r e l e v a n t  t o  them 
i n c r e a s e s .  I n  t h e  next decade  i t  w i T l  be  i n c r e a s i n g l y  d i f f i c u l t  f o r  
p r o f e s s i o n a l s  t o  keep a b r e a s t  of developments.  A t  t h e  same t ime ,  h igh-  
y i e l d i n g  i n n o v a t i o n s  i n  management a l r e a d y  e x i s t ,  and o t h e r s  w i l l  be  
developed l o c a l l y  i n  d i f  f e r c n t  p l a c e s .  Research and development on t h e  
f i v e  key a c t i v i t i e s  l i s t e d  above shou ld  a l s o  g e n e r a t e  methods x ~ h i c h  
d e s e r v e  t o  be w i d e l y  Itnown. For t h e s e  r e a s o n s ,  di~scn;iilati~7~ n z ~ s t  be 
sc7ect~iuc.  A group  i s  nccdcd w i t h  t h e  competcncc, di  s c i p l i n a r y  range ,  
i ~ ~ t e l l e c t u a l  r i g o u r ,  and courage t o  p i c k  o u t  on ly  t h c  s m a l l  p e r c e n t a g e  
of i n f o r m a t i o n  t h a t  i s  good and a  p r a c t i c a l  h e I p ;  and then t o  d i s semi-  
n a t e  o n l y  t h a t .  
The v a l u a b l e  work of t h e  I C I D ,  t h e  e x c e l l e n t  network of O D I ,  and o t h e r  
i n f o r m a t i o n  s o u r c e s  c a n n o t  b e  expec ted  a d e q u a t e l y  t o  cover  t h i s  need.  A 
s p e c i a l  e f f o r t  i s  r e q u i r e d  t o  a c c e l e r a t e  mutual  l e a r n i n g  between pro-  
j e c t s ,  c o u n t r i e s ,  r e g i o n s ,  and d i s c i p l i n e s ,  and between r e s e a r c h e r s  and 
p r a c t i t i o n e r s .  A new i n i t i a t i v e  i s  needed: 
a )  t o  s e t  up s p e c i a l i z e d  networks  i n  c a r e f u l l y  chosen f i e l d s  such as 
a c t i o n  r e s e a r c h  and system management p r a c t i c e s ;  
b)  t o  o r g a n i z e  s i t e  v i s i t s  t o  e n a b l e  p o l i c y  makers,  p r o j e c t  managers ,  
and o t h e r s  t o  l e a r n  a t  f i r s t  hand about  proven t e c h n i q u e s  and prom- 
i s i n g  i n n o v a t i o n s ;  
c)  t o  promote s e l e c t i v e  r e s e a r c h ,  workshops and c o n f e r e n c e s  t o  advance 
u n d e r s t a n d i n g  and d i s s e m i n a t i o n .  
5.6 A b a l a n c e  between a c t i v i t i e s  
Some of t h e  lcey a c t i v i t i e s  f o r  improving i r r i g a t i o n  managenent' i r e  
p r e s e n t e a  i n  F i g u r e  5.1. T h i s  shows l i n k a g e s  between a c t i v i t i e s  and some 
of t h e  more i m p o r t a n t  c o n n e c t i o n s  and p o s s i b l e  sequences .  P o i n t s  of 
e n t r y  w i l l  d i f f e r .  The b e s t  b a l a n c e  w i l l  v a r y  by c o u n t r y  and by p r o j e c t .  
IJe have s e l e c t e d  p r i o r i t i e s  which have some g e n e r a l  v a l i d i t y ,  b u t  t o  
which t h e r e  w i l l  b e  l o c a l  e x c e p t i o n s .  For  some c o u n t r i e s  and p r o j e c t s ,  
t h e  p r i o r i t y  may b e  p l a n n i n g  and d e s i g n ;  f o r  o t h e r s ,  d i a g n o s t i c  a n a l y s i s  
of e x i s t i n g  p r o j e c t s  l e a d i n g  s t r a i g h t  t o  improvements. A c t i v i t i e s  l i k e  
w a t e r  d i s t r i b u t i o n ,  o r  r e h a b i l i t a t i o n ,  can sometimes be  improved a t  once 
through obvioils and dependab le  re fo rms .  Nothing s a i d  h e r e  shou ld  under- 
mine such  e f f o r t s .  
f? 
But t h e r e  i s  a l s o  much t h a t  i s  new t h a t  needs  t o  b e  done. A c t i o n  r e -  
s e a r c h ,  r c s c a r c h  on management p r a c t i c e s ,  new methods and c o n t e n t  f o r  
t r a i n i n g ,  and d i s scminz  t i n g  s e l e c t i v e  in£ o l n ~ a t i o n  a r e  none of ~ h c m  b e i n g  
pursued w i t h  a n y t h i n g  l i k e  t h e  energy ,  i m a g i n a t i o n  and r e s o u r c e s  t h a t  
t h e y  d e s e r v e .  lJnlcss a good i n t e r r ~ a t i o n a l  e f f o r t  i s  mounted, t l l e r e  i s  no 
p r o s p e c t  t h a t  a n y t h i n g  lilcc t h e  f u l l  p o t e n t i a l  of t h o s e  a c t i v i t i e s  w i l l  
be r e a l i z e d .  
- 
Figure 5.1. Some ~rincipal linkages between key areas and activities 
Notes: 
(a) = of existing systems 
(b) = for new systems and for rehabilitation of existing systems 
t -* 
I .  Disseminating selected information applies to a22 areas and activ- 
ities. 
2. Feedback flows will occur along most if not all of t h e  linkages. 
3. Relative priorities, and optimal points of entry, will vary by country 
and by project. Diagnostic analysis may, however, be a common starting 
point. 
ALTERNATIVES AND THE PROPOSAL 
6.1 Requirements of a New I n t e r n a t i o n a l  I n i t i a t i v e  
I n  Chapter  5 ,  i t  was concluded t h a t  o u t s i d e  s u p p o r t  t o  n a t i o n a l  e f f o r t s  
f o r  improvement o f  i r r i g a t i o n  management can b e s t  be approached i n  t h e  
f i e l d s  of r e s e a r c h ,  t r a i n i n g  and i n f o r m a t i o n .  
Bes ides  p u r e l y  n a t i o n a l  e f f o r t s ,  s e v e r a l  a c t i v i t i e s  of a n  i n t e r n a t i o n a l  
n a t u r e  a r e , e s s e n t i c l l  a s  a  supplement .  These a r e :  
( i )  r e s e a r c h  t o  i d e n t i f y ,  a n a l y s e  and improve methodoZogies a s  f o r  
d i a g n o s i s ,  m o n i t o r i n g ,  w a t e r  s c h e d u l i h g ,  i n s t i t u t i o n a l  manzgecent ,  
e t c . ;  
( i i )  means o f  eschang ing ,  among c o u n t r i e s ,  of  e x p e r i e n c e s  from a c t i o n  
r e s e a r c h ;  
( i i i ) e s t h b l i s h i n g  r e q u i r e h  t r a i n i n g  c e n t r e s  i n  i r r i g a t i o n  management i n  
c l o s e  l i a i s o n  w i t h  i n s t i t u t i o n s  i n  h o s t  c o u n t r i e s ;  
( i v )  conduc t ing  i n t e r n a t i o n a l  s e m i n a r s ,  r.rorkshops and s t u d y  t o u r s  on 
t o p i c s  p e r t i n e n t  t o  improved i r r i g a t i o n  management; and 
(v) conduc t ing  s t u d i e s  t o  d e t e r m i n e  p r i o r i t i e s  f o r  more r a p i d  r e a l i z a -  
t i o n  of i r r i g a t i o n  p o t e n t i a l s  world~.r ide .  
Support  t o  n a t i o n a l  e f f o r t s  i n  r e s e a r c h ,  t r a i n i n g  and i n f o l m n t i o n  in-  
c l u d i n g  t h e s e  f i v e  r2 .c t iv i t ies  of a n  i n t e r n r l t i o u 3 1  n a t u r e  j u s t  d e s c r i b e d  
would have a t  l e a s t  f o u r  a d d i t i o n a l  p o s i t i v e  e f f e c t s .  Thcse have n o t  y e t  
been mentioned i n  t h i s  r e p o r t  b u t  they  were r e p e a t e d l y  s t r e s s e d  t o  t h e  
._Study Team by s e n i o r  o f f i c i a l s  i n  t h e  c o u n t r i e s  v i s i t e d .  An i n t e r n a t i o -  
n n l  i n i t i a t i v e  can f u r t h e r  c o n t r i b u t e  t o  n a t i o n a l  e f f o r t s :  
I .  by supporting a c t i v i t i e s  i n  i rr igat ion  management through encourage- 
ment, promotion, and cata Zysis. 
A p o i n t  r e p e a t e d l y  made t o  t h e  Study Team was t h a t  a  s e n s i t i v e  e x t e r -  
n a l  i n i t i a t i v e  c a n  have  a n  e n a b l i n g  r o l e ,  s o  t h a t  new a c t i v i t i e s  can 
more e a s i l y  b e  under taken .  I t  &an,  f o r  example, f a c i l i t a t e  c o l l a b o r -  
a t i o n  between d i s c i p l i n e s  and between a g e n c i e s  (such a s  M i n i s t r i e s  of 
A g r i c u l t u r e  and M i n i s t r i e s  of I r r i g a t i o n ,  o r  between government 
a g e n c i e s  and u n i v e r s i t y  r e s e a r c h  i n s t i t u t e s ) .  Whether through d i s -  
c u s s i o n s ,  p a r t i c i p a t i o n ,  o r  f l e x i b l e  fund ing  f o r  a c t i o n  r e s e a r c h  and 
t r a i n i n g ,  i t  c a n  h e l p  t o  l e g i t i m a t e  and c a t a l y z e  a c t i v i t i e s  which 
o t h e r w i s e  would b e  more d i f f i c u l t  and t a k e  l o n g e r .  
2 .  by assembling an adequate mix of discipl ines .  
N a t i o n a l l y  t h e r e  a r e  o f t e n  i n s t i t u t i o n a l  r i g i d i t i e s  which make i t  
d i f f i c u l t  t o  assemble  a  wide r a n g e  of d i s c i p l i n e s ,  i n c l u d i n g  a d e q u a t e  
and ba lanced  r e p r e s e n t a t i o n  o f  e n g i n e e r i n g ,  a g r i c u l t u r e  and t h e  
s o c i a l  s c i e n c e s .  I t  h a s  been conv inc ing ly  argued t o  us  t h a t  t h e r e  i s  
, need f o r  a  s o r t  of th ink- tank ,  o r  f o r c i n g  house f o r  ncw i d e a s ,  v a l u e s  
and approaches ,  which would be  d i f f i c u l t  t o  s e t  up n a t i o n a l l y .  
3 .  b y  r a i s i q  the  ,professional s tatus  &d in t e res t  of i r l i ga t ion  maizage- 
ment. 
A widespread d i f f i c u l t y  i n  promoting improved i r r i g a t i o n  management 
i s  t h e  low s t a t u s  accorded t o  t h e  management of i r r i g a t i o n  sys tems ,  
s o  t h a t  i t  does  n o t  a t t r a c t  t h e  most a b l e  s t a f f ,  i s  n e g l e c t e d  i n  
e d u c a t i o n  and t r a i n i n g ,  and h a s  under-developed o r  poor ly  unders tood  
t e c h n i q u e s .  It h a s  been r e p e a t c d l y  s t r e s s e d  t o  t h e  Study Team t h a t  
i n t e r n a t i o n a l  a t t e n t i o n  t o  sys tem o p e r a t i o n  would r a i s e  i t s  s t a t u s ,  
p r e s t i g e  and p r o f e s s i o n a l  s a t i s f a c t i o n ,  and h e l p  t o  a t t r a c t  h i g h e r  
c a l i b r e  s t a f f  f o r  i r r i g a t i o n  system management. 
4 .  by promoting cozfidence among decision-makers, both national and 
intemationaZ, i n  i rr igat ion  investments. 
A new i n t e r n a t i o n a l  i n i t i a t i v e ,  a d e q u a t c l y  mounted and s t a f f e d ,  
shou ld  s e r v e  t o  r a i s e  t h c  conf idcncc  of decision-makers t h a t  i r r i -  
g a t i o n  man:zgcrncnt problems were be ing  a d e q u a t e l y  a d r e s s e d .  Th is  
shou ld  h e l p  t o  j u s t i f y  t h e  needed v e r y  l a r g e  investments ( s e e  C l ~ a p t e r  
2)  i n  r e h a b i l i  t a c i o n ,  r e s e a r c h ,  t r a i n i n g ,  and new i r r i g a t i o n  p r o j  e c t s  . 
I n  t h e  l i g h t  of a l l  ev idence  and arguments p r e s e n t e d ,  t h e  Study Team 
c o n s i d e r s  t h c  c a s e  f o r  a new i n t e r n a t i o n n l  i n i t i a t i v e  t o  be over-  
whelming. I t s  o p t i m a l  form, liowever, needs  c a r e f u l  c o n s i d e r a t i o n .  
6 . 2  A l t e r n a t i v e  I n s t i t u t i o n a l  Arrangements 
Our terms of r e f e r e n c e  r e q u i r e  u s  t o  weigh f i v e  a l t e r n a t i v e  c o u r s e s  of 
a c t i o n .  I n  t h e  l i g h t  o f  t h e  argument and e v i d e n c e  t o  t h i s  p o i n t ,  o u r  
views a r e  a s  f o l l o w s :  
AZternative a 
'No involvement from t h e  C o n s u l t a t i v e  Group o t h e r  t h a n  encouragement of  
i n t e r n a t i o n a l  s u p p o r t  f o r  i r r i g a t i o n  w a t e r  management' 
The Study Team, i n  l i n e  w i t h  t h e  main t h r u s t  of i t s  terms of  r e f e r e n c e ,  
has based i t s  p r a c t i c a l  p r o p o s a l s  w i t h i n  a  framework of  CGIAR s u p p o r t .  
We do n o t  f e e l  f u l l y  competent  t o  make a judgement t o  what e x t e n t  t h e  
C G I A R  i s  t h e  a p p r o p r i a t e  body t o  i n i t i a t e  and o v e r s e e  t h e  i n i t i a t i v e  we 
p ropose .  There  a r e  obv ious  s t r o n g  a d v a n t a g e s ,  i n c l u d i n g  t h e  e s t a b l i s h e d  
r e p u t a t i o n  and o r g a n i z a t i o n  of t h e  C G . '  
As t h e  r e p o r t  h a s  t r i e d  t o  show, t h e  problem of i r r i g a t i o n  management 
r e q u i r e s  e a r l y  and a d e q u a t e  a c t i o n .  I f  t h e  CG d e c i d e s  i t  i s  n o t  a b l e  t o  
c a r r y  o u t  t h e  needed a c t i o n ,  some o t h e r  agency would have t o  do s o ,  
c l e a r l y  v ~ i t h  CG s u p p o r t .  However, s i n c e  we a r e  i n  no p o s i t i o n  t o  d e t e r -  
mine which agency and on what t e rms ,  we a r e  u n a b l e  t o  c o n s i d e r  t h i s  
a l t e r n a t i v e  f u r t h e r .  
The CG i s  a n  o r g a n i z a t i o n  w i t h  a p redominan t ly  a g r i c u l t u r a l  f o c u s .  A 
p r a c t i c a l  problem t h e r e f o r e  t o  b e  f a c e d  i s  t h a t  i r r i g a t i o n  management i s  
a lmost  u n i v e r s a l l y  dominated by t h e  d i s c i p l i n e  of e n g i n e e r i n g ,  and t h a t  
whatever  i s  done w i l l  need t h e  a c t i v e  s u p p o r t  of p r o f e s s i o n n l s  i n  t h a t  
d i s c i p l i n e .  
2 
A Ztemzirtivc b 
' Fo rmat ion  of a n  i n s t i t u t e  a s  s e t  f o r t h  i n  TAC's 1980 p r o p o s a l "  
TAC's 1980 p r o p o s a l  was f o r  a n  i n s t i t u t e  t o  deve lop  t h e  Itnowledge, 
p r i n c i p l e s  and e x p e r t i s e  r e q u i r e d  f o r  improving t h e  ilcsi!;u, o p e r a t i o n  
and nianagement of  i r r i g a t i o n  and d r a i n a g e  systcrns a t  v:irious l e v e l s .  The 
u l t i m a t e  o b j e c t i v e  was t o  c r c a  t e  i ~ l d e p e n d e n t  n a t i o n a l  co~npe tcnce ,  s t a r  t- 
i n g  w i t h  a  b e t t e r  awareness  among p o l i c y  makers and a  p o l i t i c a l  w i l l  t o  
g i v e  s u f f i c i e n t  p r i o r i t y  t o  t h e  improvement of i r r i _ ~ n t i o n  w a t e r  manage- 
ment and a  growing involvement  of n a t i o n a l .  u n i v c r s i t i c s  rind o t h e r  
r e s e a r c h  and t r a i n i n g  i n s t i t u t i o n s  i n  t h i s  f i e l d .  T h i s  was t o  r e s u l t  i n  
a n a t i o n a l  c a p a c i t y  t o  f i e l d  m u l t i d i s c i p l i n a r y  w a t e r  management teams 
bo th  i n  r e s e a r c h  and i n  management of i r r i g a t i o n  systems i n  c o u n t r i e s  
where i r r i g a t i o n  and d r a i n a g e  a r e  i m p o r t a n t .  
A s  f a r  a s  i t s  s t r u c t u r e  was concerned,  t h e  i n s t i t u t e  was t o  have  a  
p r i n c i p a l  u n i t ,  l o c a t e d  i n  an  a r e a  where i r r i g a t i o n  was a  major  concern  
i n  a g r i c u l t u r a l  p r o d u c t i o n ,  and which p rov ided  e a s y  a c c e s s  t o  a  wide 
range of i r r i g a t i o n  problems. U l t i m a t e l y ,  t h e  i n s t i t u t e  was t o  have two 
o r  more s a t e l l i t e  u n i t s ,  l o c a t e d  i n  s u b s t a n t i a l l y  d i f f e r e n t  e c o l o g i c a l  
zones.  The i n s t i t u t e  would have a  r e l a t i v e l y  l i g h t  i n v e s t m e n t  i n  perma- 
n e n t  b u i l d i n g s  and r e q u i r e  a n  a r e a  of abou t  10 h a  of l a n d .  
The Study,Team f u l l y  a g r e e s  w i t h  t h e  o b j e c t i v e s  fo rmula ted  f o r  t h e  
i n s t i t u t e .  The o n l y  d i f f e r e n c e  i s  o v e r  t h e  means t o  a c h i e v e  t h o s e  objec-  
t i v e s .  The 1980 p r o p o s a l  appears  t o  t h e  Study Team t o  be  somewhat over-  
c e n t r a l i s e d .  C o n t a c t s  and work a r e  d e s i r a b l e  w i t h i n  a  l a r g e r  r a t h e r  t h a n  
s m a l l e r  number o f  f i e l d  s i t u a t i o n s  and c o n d i t i o n s .  \That i s  r e q u i r e d  i s  
an i n s t i t u t i o n  v e r y  d i f f e r e n t  from t h e  major  c r o p - o r i e n t e d  I A R C s .  The 10 
ha of l a n d  a t  h e a d q u a r t e r s  i m p l i e s  o n - s t a t i o n  r e s e a r c h  r.rhich would be  a  
d i s t r a c t i o n  from t h e  f i e l d  o r i e n t a t i o n  and c l o s e  c o l l a b o r a t i o n  w i t h  and 
s u p p o r t  f o r  n a t i o n a l  e f f o r t s  which a r e  e s s e n t i a l .  The Study Team there -  
f o r e  does  n o t  recommend t h a t  t h e r e  shou ld  b e  any h e a d q u a r t e r s  l and  f o r  
r e s e a r c h .  O f f i c e s  a r e  a l l  t h a t  i s  r e q u i r e d ,  combined w i t h  good a c c e s s  t o  
e x i s t i n g  i r r i g a t i o n  systems.  
' A  model a l o n g  . t h e  l i n e s  o f  an  i n t e r n a t i o n a l  . s e r v i c e ,  o p e r a t i n g  i n ,  and 
u s i n g  t h e  f a c i l i t i e s  a t  a l i m i t e d  nbrnber of s e l e c t e d  i r r i g a t i o n  systems 
i n  a  few p a r t i c i p a t i n g  c o u n t r i e s '  
Th i s  n o d e l  f i t s  t o  a  l a r g e  e x t e n t  t h e  o p e r a t i o n a l  r e q u i r e m e n t s  of t h e  
a c t i v i t i e s  s e e n  s s  p r i o r i t i e s  by t h e  Study Team. Ilere. a g a i n ,  however, we 
would s t r e s s  t h e  need t o  c o l l a b o r a t e  w i t h  and s u p p o r t  n a t i o n r ~ l  e f f o r t s ,  
n o t  jus t :  t o  u s e  t h e  f a c i l i t i e s  of s e l e c t e d  i r r i g a t i o n  schemes,  and t h e  
need f o r  involvement  i n  a  wider  r a t h e r  t h a n  more l i m i t e d  r a n g e  of l o c a l  
i r r i g a t i o n  management s i t u a t i o n s .  
Alternative d 
' F e a s i b i l i t y  of e x i s t i n g  IARCs undertaking water  management i n  t h e i r  
e c o l o g i c a l  environment and t h e  e x t e n t  t o  which t h i s  might o r  might n o t  
meet t h e  requi rements '  
IRRI's e f f o r t s  i n  i r r i g a t i o n  management have shown t h a t  an e x i s t i n g  I A R C  
can make a  very  v a l u a b l e  con t r ibu t ion .  ICRISAT has a l s o  undertaken 
u s e f u l  work on a s p e c t s  of smal l  t anks ,  and on smal l  watershed manage- 
ment. The emphasis which we p l a c e  on irr igat ion management r a t h e r  than 
water management ( s ee  d e f i n i t i o n s )  does,  however, s e r v e  t o  d i s t a n c e  what 
we s e e  a s  needed from t h e  predominantly crop o r i e n t a t i o n s  of most of t he  
e x i s t i n g  cen t r e s .  IRRI 's  i r r i g a t i o n  management work should f i t  i n  we l l  
with any i r r i g a t i o n  management i n i t i a t i v e  by the  CG, and could become 
p a r t  of a  decen t r a l i zed  o rgan iza t ion .  Other IARCs might s e r v i c e  and 
support  s t a f f  working on i r r i g a t i o n  management. Precedents  e x i s t ,  such 
as  CIPDNT s t a f f  a t  CIAT, f o r  one c e n t r e  providing a  home f o r  s t a f f  from 
another .  D e t a i l s  of p o s s i b l e  a s s i s t a n c e  of t h i s  s o r t  should be  worked 
ou t .  The Study   dam wishes t o  s t r e s s  f o r c e f u l l y ,  however, t h a t  i rr i-  
ga t ion  management cannot be expected t o  r ece ive  t h e  f u l l  a t t e n t i o n  i t  
deserves i f  i t  i s  on ly  p a r t  of an  e x i s t i n g  c e n t r e ,  o r  lodged a t  e x i s t i n g  
c e n t r e s ,  having t o  compete f o r  funds wi th  o t h e r  a c t i v i t i e s  which may be 
more f o c a l  t o  t he  concerns of those  c e n t r e s .  Nor could i t  be expected t o  
r ece ive  the  d i r e c t i o n  and advice  i t  needs wi thout  i t s  own l eade r sh ip  and 
governance. Those wi th  r e s p o n s i b i l i t y  f o r  i r r i g a t i o n  management i n  h o s t  
coun t r i e s  must of course  a l s o  be c l o s e l y  involved. But t he  c r u c i a l  po in t  
here i s  t h a t  t he  e f f o r t  must have i t s  own s e p a r a t e  funding and unique 
and recognizable  governance. 
;j 
AZtemz~tive e 
'Any o t h e r  approach which might be suggested a s  a r e s u l t  of the  s tudy '  
The approach recommended by t h e  Study Team docs not  correspond exac t ly  
w i th  any of t he  a l t e r n a t i v e s  a  through d ,  though i t  has elements of b 
and c  and does no t  overlook somc p o s s i b i l i t i e s  of d. 
6.3 Approach Recommended 
I n  view of the  requirements  i n  Sec t ion  6.1 and tile a l t e r n a t i v e  s e l e c t e d  
i n  Sec t ion  6.2,  bu t  tak ing  i n t o  account a l s o  probable fund l i m i t a t i o n s ,  
t h e  Study Team recommends a n  i n t e r n a t i o n a l  i n i t i a t i v e  on i r r i g a t i o n  man- 
agement o rgan ized  3s a network w i t h  a s m a l l  h e a d q u a r t e r s .  The network 
would l i n k  n a t i o n a l  e f f o r t s  e s p e c i a l l y  i n  i r r i g a t i o n  management a c t i o n  
r e s e a r c h  and t r a i n i n g ,  and p r o v i d e  s e l e c t i v e  s u p p o r t  f o r  them, p a r t l y  
through o u t p o s t e d  s t a f f .  The h e a d q u a r t e r s  would have a  c r i t i c a l  m u l t i -  
d i s c i p l i n a r y  mass. 
Th i s  i n i t i a t i v e  would combine e lements  of a  network,  of a  s e r v i c e ,  and 
of a  h e a d q u a r t e r s .  We t h e r e f o r e  recommend t h e  t i t l e  i n s t i t u t e ,  t h e  whole 
t o  be  c a l l e d  t h e  I n t e r n a t i o n a l  I r r i g a t i o n  Nanagement I n s t i t u t e  ( I I M I ) .  
Levels of National Involvement 
Cons ider ing  t h e  g r e a t  v a r i a t i o n  among c o u n t r i e s  n o t  on ly  a s  t o  needs and 
requ i rements  b u t  a l s o  a s  t o  d e s i r e s  f o r  i n t e r n a t i o n a l  s u p p o r t  and w i l l -  
ingness  t o  c o o p e r a t e  w i t h  such s u p p o r t ;  t h e  Study Team proposes  s i x  
p o s s i b l e  l e v e l s  of i n t e r n a t i o n a l  involvement a s  sho.rm i n  t h e  f o l l o w i n g  
m a t r i x :  
I n c r e a s i n g  l e v e l s  of 
involvement I I I I11 I V V V I 
I n f o r m a t i o n ,  s e m i n a r s ,  
workshops X X X X X X 
Act ion  r e s e a r c h  i n  
network X X X X X 
A c t i o ~ i  r e s e a r c h  
a c t i v e l y  s u p p o r t e d  X X X X 
T r a i n i n g  p a r t i a l l y  
funded 
Regional  t r a i n i n g  S 
Suppor t  f o r  n a t i o n a l  
i r r i g a t i o n  manage- 
ment c e n t r e  
I n t e r n a t i o n a l  s t a f f :  
v i s i t s  X X X X S X 
i n  r e s i d e n c e  - - 0- 2 1-2 1-3 2-4 
The number of o u t p o s t e d  i n t e r n a t i o n a l  s t a f f  i n  each  c o u n t r y  i n v o l v e d  
would t h u s  v a r y  f rom none t o  f o u r .  The number c o u l d ,  however, b e  r a i s e d  
i f  f u n d i n g  and agreements  were fo r thcoming .  
L e v e l  I 
There  i s  no d i r e c t  involvement  of a n  i n t e r n a t i o n a l  i n i t i a t i v e  on t h e  
n a t i o n a l  l e v e l .  The c o u n t r y  concerned may wish  t o  l i m i t  i t s e l f  t o  u s e  
on ly  of t h e  i n f o r m a t i o n  sys tem,  and s e m i n a r s ,  workshops,  e t c .  
L e v e l  I1 
The c o u n t r y  may w i s h  t o  l i n k  i t s  ongoing r e s e a r c h  a c t i v i t i e s  i n t o  a n  
i n t e r n a t i o n a l  network i n  o r d e r  t o  f a c i l i t a t e  t h c  cxchangc of i n f o r m a t i o n  
f o r  t h e  b e n e f i t  of  t h e  c o u n t r y  i t s e l f ,  b u t  a l s o  t o  make i t s  ohm e x p e r i -  
ence  more a c c e s s i b l e  t o  o t h e r  c o u n t r i e s .  Apar t  from o c c a s i o n a l  v i s i t s  
t h e r e  i s  no d i r e c t  involvement  of  and s u p p o r t  from a n  i n t e r n a t i o n a l  - 
e f f o r t .  
Leve l  I11 
I n  o r d e r  t o  f a c i l i t a t e  t h e  implementa t ion  of a c t i o n  r e s e a r c h  a  c o u n t r y  
may w i s h  t o  a s k  f o r  i n t e r n a t i o n a l  s u p p o r t  th rough  pa r t i .31  f u n d i n g  a n d / o r  
s t a f f  s u p p o r t .  Visi ts  of  ' i n t e r n a t i o n a l  s t a f f  and c o n s u l t 3 n t s ,  and ou t -  
s i d e  c o n t r a c t s  f o r  s p e c i f i c  studies ' ;  cou ld  b e  p a r t  of  t h e  i n t e r n a t i o n a l  
s u p p o r t  . 
t lc t io l l  r e s e a r c ! ~  i s  conlbined w i t h  ns t i .ons1  t r a i n i n g  in i r l- i ; ;a  t i o n  r.!znni;c- 
ment. I n t e r n a t i o n a l  s u p p o r t  could  i n c i u i c  p a r t i 3 1  fulltling, s t z I f  sup -  
p o r t ,  v i s i t s  of  i n t c r n n t i o n a l  s t n E f ,  c o n s u l t a n t s  and o u t s i d e  c o n t r a c t s  
f o r  a c t i o n  r c s e s r c h  n s  w e l l  a s  f o r  f i e l d - b a s e d  t r a i n i n g .  
Leve l  V 
I n t e r n a t i o n a l  involvement  i n  a  c e r t a i n  c o u n t r y  would i n c l u d e  r e g i o n a l  
t r a i n i n g ,  which means t h a t  ( i n t e r n a t i o n a l l y  s u p p o r t e d )  a c t i o n  r e s e a r c h  
p r o v i d e s  a  p o s s i b i l i t y  f o r  s e t t i n g  up and s u p p o r t i n g  r e g i o n a l  t r a i n i n g  
c o u r s e s  f o r  i r r i g a t i o n  management, p r e f e r a b l y  l i n k e d  w i t h  n a t i o n a l  
e f f o r t s  i n  t h i s  f i e l d .  
Leve l  V I  
I f  a  c e r t a i n  c o u n t r y  d e c i d e d  t o  s e t  up a  n a t i o n a l  i r r i g a t i o n  management 
c e n t r e  w i t h  a  broad mandate t o  d e a l  w i t h  a l l  k i n d s  of problems r e l a t e d  
t o  i r r i g a t i o n  management, such  a c e n t r e  cou ld  a c t  a s  a  f o c a l  p o i n t  on 
t h e  n a t i o n a l  l e v e l  th rough  which i n t e r n a t i o n a l  s u p p o r t  cou ld  b e  chan- 
n e l l e d ,  n o t  o n l y  f o r  a c t i o n  r e s e a r c h  b u t  a l s o  f o r  n a t i o n a l  ( and /o r  
r e g i o n a l )  t r a i n i n g  and f o r  o t h e r  key a c t i v i t i e s  such a s :  improvement of 
s t a n d a r d s  f o r  f e a s i b i l i t y  s t u d i e s ;  c r r s t - e f f e c t i v e  methods f o r  d i a g n o s t i c  
a n a l y s i s  of on-going p r o j e c t s ;  improvement of  i n s t i t u t i o n a l  and pe r son-  
n e l  p o l i c i e s ;  and c o o r d i n a t i o n  of r e s e a r c h  e f f o r t s .  
1'lle l e v e l s  of involvcnlent  of t h e  i n t e r n a t i o n a l  s u p p o r t  d e s i r e d  by a  
p a r t i c u l a r  c o u n t r y  would be s u b j e c t  t o  n e g o t i a t i o n  i n  each c a s e .  The 
l e v e l  of involvement  migh t  b e  low a t  f i r s t ,  s t a r t i n g  f o r  i n s t a n c e  w i t h  
a c t i o n  r e s e a r c h  b u t  g r a d u a l l y  i n c l u d i n g  o t h e r  a c t i v i t i e s ;  e q u a l l y  i t  
might be' phased doxnl o r  oGt o v e r  t ime.  
3 
Hecdq~larte1.s Ac t i v i t i e s  
A t  t h e  h e a d q u a r t e r s  we recommend t h e  e s t a b l i s h n e n t  of a  c o r e  s t a f f  w i t h  
a  multidisciplinary group which would worlc t o g e t h e r  i n  c l o s e  c o l l a b o r -  
a t i o n .  The a c t i v i t i e s  o f  t h i s  group would i n c l u d e :  
- conduc t ing  negotiations w i t h  c o u n t r i e s  d e s i r i n g  i n t e r n a t i o n a l  s u p p o r t ;  
- s e t t i n g  up and managing a n  a c t i o n  r e s e a r c h  nctworli,  and o t h e r  networks  
a s  t h e  need and o p p o r t u n i t y  a r i s e  ( s e e  Annex 4 )  ; - 
- a s s i s t i n g  i n  t h e  p r e p a r a t i o n ,  implementa t ion  and e v a l u a t i o n  of a c t i o n  
r e s e a r c h  p r o j e c t s ,  and i n  t h e  s p r e a d  of t h e i r  p r a c t i c a l  l c s s o n s ,  i n  
s u p p o r t  of  and c l o s e  c o l l a b o r a t i o n  w i t h  t h e  n a t i o n a l  a g e n c i e s  i n v o l v e d ;  
- conduc t ing  s t u d i e s  aimed a t  d e t e r m i n i n g  p r i o r i t i e s  f o r  more r a p i d  
r e a l i s a t i o n  of i r r i g a t i o n  p o t e n t i a l s  worldwide; 
- i d e n t i f y i n g ,  a n a l y s i n g  and deve lop ing  methodologies  f o r  key a c t i v -  
i t i e s  ; 
- a s s i s t i n g  i n  s e t t i n g  up n a t i o n a l  i r r i g a t i o n  management c e n t r e s  and i n  
moni to r ing  t h e i r  performance;  
- o r g a n i z a t i o n  o f  t r a i n i n g  i n c l u d i n g  t h e  development of c u r r i c u l a  and 
of t r a i n i n g  methods;  
- t h e  e s t a b l i s h m e n t  of t r a i n i n g  c e n t r e s  i n  c l o s e  c o l l a b o r a t i o n  w i t h  
s t a f f  of e x i s t i n g  i r r i g a t i o n  sys tems  (o r  s u b c o n t r a c t i n g  w i t h  t h o s e  
i n s t i t u t i o n s  a l r e a d y  working i n  t h i s  f i e l d ) ;  
- t h e  s e l e c t i o n  and d i s s e m i n a t i o n  of i n f o r m a t i o n  th rough  ne twork ing ,  
n e w s l e t t e r s ,  and o t h e r  p u b l i c a t i o n s  and media,  e s p e c i a l l y  c o n c e r n i n g  
t h e  management o f  i r r i g a t i o n  sys tems ;  
- t h e  o r g a n i s a t i o n  of workshops, seminars  and confe rences  on key man- 
agement, r e s e a r c h  and t r a i n i n g  q u e s t i o n s ;  
6 . 4  Governance 
Three d i f f e r e n t  l e v e l s  of governance a r e  c o n s i d e r e d :  Governing Eoard,  
Programme Committee and Working Groups. 
a )  Governing Board 
The Governing Board shou ld  b e  s e l e c t e d  v e r y  c a r e f u l l y ,  due t o  t h e  
n a t u r e  o f  t h e  e f f o r t  and i t s  dependencies  on a c t i v i t i e s  which a r e  
c o n s i d e r e d  b a s i c a l l y  a s  a n a t i o n a l  r e s p o n s i b i l i t y .  
The members o f  t h e  Board would be expec ted  t o  s e r v e  i n  t h e i r  p e r s o n a l  
c a p a c i t y  and n o t  as i n s t r u c t e d  members of governments o r  t h e i r  employ- 
i n g  a g e n c i e s .  
Three  d i f f e r e n t  c a t e g o r i e s  shou ld  be  p r e s e n t e d  on t h e  Board: 
- Those having r e s p o n s i b i l i t y  f o r  i r r i g a t i o n  management i.n deve lop ing  
c o u n t r i e s .  The main r e a s o n s  f o r  t h e i r  p r e s e n c e  on t h e  Board a r e  
t h r e e f o l d :  First ,  t h e i r  p e r s o n a l  kno~..~ledgc on t h e  c jucs t ion of 
i r r i g a t i o n  management under f i e l d  c o n d i t i o n s  i n  deve lop ing  c o u n t r i e s ;  
second, they a r e  t h e  main b e n e f i c i a r i e s  of t h e  r e s u l t s  of t h e  
e f f o r t .  T h e i r  p r e s e n c e  on t h e  Board i s  t h e r e f o r e  n e c e s s a r y  t o  g i v e  
t h e  e f f o r t  t h e  r e q u i r e d  u t i l i z e r  o r i c u c n  t i o n ;  and t l z i ~ d ,  t h e  coop- 
e r a t i o n  of t h o s e  i n  charge  of i r r i g a t i o n  rnnn,?gcment i s  rcquirecl  f o r  
t h e  implementat ion o f  t h e  programme; a t  t h e  n a t i o n a l  l e v e l  f i r s t  of 
a l l ,  bu t  s u b s e q u e n t l y  a t  t h e  l e v e l  of implementing an  i n t e r n a t i o n a l  
network on a c t i o n  r e s e a r c h  and f i e l d - b a s e d  t r a i n i n g  i n  e x i s t i n g  
i r r i g a t i o n  systems.  
- A second c a t e g o r y  c o n s i s t s  of r e p r e s e n t a t i v e s  ( b u t  s e r v i n g  i n  t h e i r  
p e r s o n a l  c a p a c i t y )  from donor  o r g a n i z a t i o n s .  There  a r e  two r e a s o n s  
f o r  t h e i r  p r e s e n c e  on t h e  Board. F i r s t ,  c e r t a i n  donor a g e n c i e s  may 
wish f o  c o n t r i b u t e  d i r e c t l y  t o  an i n t e r n a t i o n a l  e f f o r t  a s  proposed;  
and second,  t h e y  may wish  t o  c o o r d i n a t e  o r  l i n k  t h e i r  b i l a t e r a l  
e f f o r t s  w i t h  an  i n t e r n a t i o n a l  e f f o r t  o r  w i t h  o t h e r  b i l a t e r a l  e f -  
f o r t s .  T h e i r  p r e s e n c e  on t h e  Board could  promote v e r y  much a n  
i n t e r c h a n g e  o f  e x p e r i e n c e  and a s  such c o n t r i b u t e  t o  t h e  e f f i c i e n c y  
of t h e  o v e r a l l  e f f o r t  t o  improve i r r i g a t i o n  management. 
- A t h i r d  c a t e g o r y  would c o n s i s t  of members s e l e c t e d  from among 
persons  w i t h  broad e x p e r i e n c e  i n  and knowledge of problems of 
i r r i g a t i o n  development.  The a b i l i t y  t o  c o n s i d e r  and c o n c e i v e  new 
approaches  and t o  t h i n k  a c r o s s  m u l t i d i s c i p l i n a r y  b o u n d a r i e s  would 
b e  i m p o r t a n t .  
A s  compared t o  e x i s t i n g  IARCs t h e  s i z k  of t h e  Board would have  t o  be  
r e l a t i v e l y  l a r g e  a s  a  r e s u l t  of t h e  n a t u r e  of t h e  e f f o r t  and p a r t i -  
c u l a r l y  of i t s  network c h a r a c t e r .  I n  o r d e r  t o  cover  t h e  t h r e e  broad 
c a t e g o r i e s  mentioned above,  b u t  a l s o  t o  i n c l u d e  i n  t h e  Board t h e  
major  i r r i g a t i o n  zones ,  a  number of 20 members shou ld  b e  c o n s i d e r e d  
a s  an  o r d e r  o f  magnitude.  
The major  d u t i e s  of t h e  Board would c o n s i s t  of approv ing  work pro- 
granune and budget  and g i v e  gu idance  t o  long term p o l i c y  m a t t e r s  con- 
. c e r n i n g  t h e  a c t i v i t i e s  o f  t h e  i n s t i t u t e .  
.r; 
b) ? r o g r m e  Cornit tee 
The Programme Committee shou ld  be r e s p o n s i b l e  f o r  ' t he  p r e p a r a t i o n  of 
t h e  work programme and budget  of t h e  i n s t i t u t e  t o  b e  s u b m i t t e d  t o  t h e  
Governing Board. The members of t h e  Progranune Committee s h o u l d  be  
s e l e c t e d  on t h e  b a s i s  of t h e i r  p r o f e s s i o n a l  knowledge. 
I t  i s  a d v i s a b l e  t h a t  t h e  members of t h e  Progranune Committee shou ld  
n o t  be d i r e c t l y  invo lved  i n  implementing n a t i o n a l  a c t i v i t i e s .  Th i s  
does n o t  exc lude  t h o s e  i n  c h a r g e  of implementi.ng n a t i o n a l  programmes 
r e c e i v i n g  d i r e c t  s u p p o r t  from t h e  i n t e r n a t i o n a l  programme, from 
p a r t i c i p a t i n g  i n  a n  a d v i s o r y  c a p a c i t y  i n  t h e  a c t i v i t i e s  of t h e  Pro- 
gramme Committee, vhen t h e  need i s  f e l t .  
c) Vorking Groups 
The p o s s i b i l i t i e s  of c r e a t i n g  working groups  f o r  d i f f e r e n t  p u r p o s e s  
shou ld  s e r i o u s l y  b e  c o n s i d e r e d ,  a s  a  means of pe r fo rming  c e r t a i n  
d u t i e s  o r  t a s k s .  T h r e e  d i f f e r e n t  p o s s i b i l i t i e s  d e s e r v e  ment ion:  
- working g roups  f o r  t h e  p r e p a r a t i o n  of r e g i o n a l  t r a i n i n g  c e n t r e s ,  
s e m i n a r s  o r  workshops r e l a t e d  t o  i r r i g a t e d  management; 
- working g roups  on s p e c i f i c  s u b j e c t s  i n  i r r i g a t i o n  management, and 
t h e  p r e p a r a t i o n  of  s t a t e  of t h e  a r t  r e p o r t s ,  w i t h  a s s i s t a n c e  from 
t h e  i n t e r n a t i o n a l  programme; 
- r e g i o n a l  working g roups  t o  d i s c u s s  w i t h  t h e  i n t e r n a t i o n a l  programme 
t 
r e g i o n a l  m a t t e r s  and a c t i v i t i e s  i n  i r r i g a t i o n  management. 
6 .5  C los ing  Comment 
The CGIAR h a s  f o r  many y e a r s  been r i g h t l y  concerned w i t h  t h e  i n a d e q u a t e  
performance of  i r r i g a t i o n  sys tems  i n  deve lop ing  c o u n t r i e s ,  g i v e n  t h a t  
- 
improved performance i s  t h e  key t o :  
- meet ing  f o r e c a s t e d  food  p r o d u c t i o n  d e f i c i e n c i e s  i n  t h e  n e x t  two 
decades  ; 
- pronloting e q u i t y  i n  income d i s t r i b u t i o n  and work o p p o r t u n i t i e s ,  and 
o t h e r  s o c i a l  b e n e f i t s ;  
- preve i l t ing  d e t e r i o r a t i o n  of t h e  e x i s t i n g  i , r r i g a t i o n  s y s t e m s ;  and 
- more e f f e c t i v e  and q u i c k e r  r e s u l t s  from t h e  enormous i n v e s t m e n t s  
b e i n g  planned by n a t i o n a l  governments.  
The concern  of  CCIAR h a s  manifested i t s e l f  i n  s e v e r a l  i n q u i r i e s  and 
s t u d i e s  of which t h e  p r e s e n t  r e p o r t  i s  t h e  most r e c e n t .  The p o i n t  now 
seems t o  have  been reached  when C G I ~  must d e c i d e  how t o  comple te  t h e  
t a s k  t h a t  i t  h a s  assumed, namely,  t o  t a k e  a p p r o p r i a t e  a c t i o n  on a n  
i n t e r n a t i o n a l  l e v e l  t o  d e a l  w i t h  t h e  worldwide d e f i c i e n c i e s  i n  t h e  
performance of  i r r i g a t i o n  sys tems .  
I n  Chr~p t c r s  4 and 5 ,  cu r - ren t  n a t i o n a l  and i . n t c r n a t i o n a 1  c f  f o r t s  t o  
c o r r e c t  p r e s e n t  d c f i c i c n c i e s  were sllown t o  be  s e r i o u s l y  inaclcquatc .  An 
approach t o  c o r r e c t  t h e  i n n d c q u a c i c s  i s  d e s c r i b e d  i n  t h i s  Chap te r .   his 
approach w i l l  no doubt  have t o  be improved,  modif ied  o v e r  t i n e  and i.s 
n q t  w i t h o u t  r i s k ;  b u t  s i n c e  t h c  c o s t  of del-ay i s  v e r y  h i g h ,  i t  i s  a  r i s k  
worth  talcing . 
FEANS OF OPERATION 
S t a f f  r e q u i r e m e n t s  
h.ofessiova2 coiqe staff at headqzmi3te:-s 
A s  t h e  i n t e r n a t i o n a l  e f f q r t  w i l l  emphasise  c o o p e r a t i o n  w i t h  and s u p p o r t  
t o  n a t i o n a l  a c t i v i t i e s ,  and a s  t h e  f i e l d  l a b o r a t o r i e s  w i l l  b e  e x i s t i n g  
i r r i g a t i o n  p r o j e c t s ,  t h e  s i z e  of t h e  p r o f e s s i o n a l  c o r e  s t a f f  a t  head- 
q u a r t e r s  shou ld  b e  k e p t  s m a l l .  I n  o r d e r  however t o  cover  t he  e a r l i e r  
mentioned a c t i v i t i e s  i n  a n  a d e q u a t e  manner, a  minimum ~ n u l t i d i s c i p l i n a r y  
mix i s  r e q u i r e d .  
I n  a d d i t i o n  t o  t h e  Di rec to r -Genera l  t h e  s t a f f  shou ld  t h e r e f o r e  comprise  
a t  l e a s t  8 t o  1 2  professionals which shou ld  a s  p o s s i b l e  i n c l u d c :  
- one  i r r i g a t i o n / d r a i n a g e  e n g i n e e r  w i t h  a  c i v i l  e n g i n e e r i n g  background 
- one i r r i g a t i o n / d r a i n a g e  e n g i n e e r  w i t h  an  a g r i c u l t u r a l  bnckground 
- one a g r i c u l t u r a l  economist  
- one a g r i c u l t u r i s t ,  f a rming  s y s t e m s  
- one r u r a l  s o c i o l o g i s t  . . 
- one s p e c i a l i s t  i n  t r a i n i n g  
- one s p e c i a l i s t  f o r  i n f o r m a t i o n  and p u b l i c a t i o n s  
- one managcmcnt: s p e c i a l i s t  
- one s e n i o r  ad :n i r~ i s  t r r l t i v e  o f f i c e r  
Irrespective o f  t h c i r  d i s c i p l i n e s ,  a 1 1  c o r c  s t , ~ f f  ( t h i s  c ~ p p l i c s  t o  f i e l d  
s t a f f  a s  w e l l )  s h o u l d  have 3 m u l t i d i s c i p l i n a ~ ~  o r i e n t a t i o n  w i t h  proveil 
e x p e r i e n c e  t l l r o u g l ~  hav ing  worlccd on mu1 t i d i s c i p l i n a r y  teams, i n v o l v i n g  
i n t e r n a t i o n a l  c o l l a b o r a t i o n  i n  d e v e l o p i n g  c o u n t r i e s ,  p r c f c r a b l y  f o r  a  
s u b s t a n t i a l  p e r i o d  a t  p r o f e s s i o n a l  l e v e l .  A ~ r a c t i c a l  and o p e r a t i o n a l  
o r i e n t a t i o n  w i l l  b e  h i g h l y  p r e f e r a b l e .  
One'rnembcr of  t h c  Study Team c o n s i d c r s  t h a t  n minimum of t e n  y e a r s  
The p o s s i b i l i t i e s  f o r  c o v e r i n g  c e r t a i n  d i s c i p l i n e s  through p a r t - t i m e  
c o n s u l t a n t s  shou ld  a l s o  be k e p t  i n  mind. 
Supporting Stuff a t  Fieadquarters 
T h e - h e a d q u a r t e r s  would a l s o  have s t a f f  r e c r u i t e d  l o c a l l y  f o r  s e c r e t a r i a l  
and a d m i n i s t r a t i v e  a s s i s t a n c e .  I n  a d d i t i o n ,  c o n s i d e r a t i o n  shou ld  be 
g i v e n  t o  t h e  p o s s i b i l i t y  of l o c a l l y  r e c r u i t e d  t e c h n i c a l  s t a f f  t o  a s s i s t  
t h e  p r o f e s s i o n a l  c o r e - s t a f f  i n  desk  r e s e a r c h  t h a t  might be needed. 
T e n t a t i v e l y  one migh t  t h i n k  of a  t o t a l  of f i v e  t e c h n i c a l  a s s i s t a n t s  t o  
t h e  p r o f e s s i o n a l  c o r e  s t a f f .  
Professio-mZ Core Staff Outposted 
The major t a s k s  of t h e  o u t p o s t e d  f i e l d  s t a f f  shou ld  be c o n s i d e r e d  i n  t h e  
l i g h t  of t h e  b a s i c  p r i n c i p l e - t h a t  t h e  t a s k s  t o  b e  performed s h o u l d  2s 
much a s  p o s s i b l e  be 'pe r fo rmed  by n a t i o n a l  i n s t i t u t i o n s .  The r o l e  of t h e  
f i e l d  s t a f f  will t h e r e f o r e  b a s i c a l l y  b e  coiiiplementary and geared  t o  
s t r e n g t h e n i n g  n a t i o n a l  c a p a b i l i t i e s .  
Outposted s t a f f  w i l l  b e  invo lved  i n  combinat ions  of a c t i o n  r e s e a r c h ,  
n a t i o n a l  t r a i n i n g ,  r e g i o n a l  t r a i n i n g  and p o s s i b l y  t h e  e s t a b l i s h m e n t  o f  
n a t i o n a l  i r r i g a t i o n  management i n s t i t u t e s .  A s  h a s  been e x p l a i n e d  i n  
Chaptcr  6 ,  d i f f e r e n t  l e v c l s ,  of i n t e r n a t i o n a l  involvcmcnt  can be  clis- 
t i n g u i s h e d  a c c o r d i n g  t o  t h e  wishes  of a  p a r t i c u l a r  c o u n t r y .  I n  o r d e r  t o  
s t r i k e  a  b a l a n c e  between p r o f e s s i o n a l  c o r e  s t a f f  a t  h e a d q u a r t e r s  and 
p r o f e s s i o n a l  c o r e  s t a f f  o u t p o s t e d  i t  seems r e a s o n a b l e  t o  assume a  number 
of 10 o u t p o s t e d  s t a f f  members. 
I n  o r d e r  t o  keep tile p r o f e s s i o n a l  s t a f f  a t  I ~ c a d q u a r t e r s  a s  w e l l  a s  ou t -  
pos ted  a t  the l o w c s t  p o s s i b l e  b u t  s t i l l  v i a b l c  l e v e l ,  use  sllould a l s o  b c  
- 
made of c o n s u l t a n t s  . 
Another r e a s o n  i s  t h a t  a c t i o n  r e s e a r c h  and p rocedures  requirccl  t o  c ' e f i n e  
a c t i o n  r e s e a r c h  progrclmlcs on t h e  b a s i s  of a  m ~ l t i d i s c i ~ l i n n r y  a p p r a i s a l  
o r  d i a g n o s i s  of p r e v a i l i n g  c o n d i t i o n s  i n  i r r i g a t i o n  p r o j e c t s  w i l l  
r e q u i r e  shor t - t e rm h i g h  l e v e l  e x p e r t i s e  i n  s p e c i f i c  f i e l d s .  Some of t h e  
e x p e r t i s e  shou ld  t h e n  b e  m o b i l i z e d  th rough  t h e  r e c r u i t m e n t  of  p a r t - t i m e  
c o n s u l t a n t s .  Such c o n s u l t a n t s  s h o u l d  p r e f e r a b l y  b e  invo lved  on a  more o r  
l e s s  r e g u l a r  b a s i s ,  t o  g u a r a n t e e  a  c e r t a i n  c o n t i n u i t y  i n  t h e i r  i n p u t .  
Wit11 a  t o t a l  c o r e  s t a f f  ( h e a d q u a r t e r s  and o u t p o s t e d )  of abou t  20 p r o f e s -  
s i o n a l s ,  a  t o t a l  o f  4 man-year c o n s u l t a n c i e s  p e r  annum seems a  reason-  
a b l e  a l t h o u g h  c e r t a i n l y  n o t  e x c e s s i v e  p r o p o r t i o n .  
7 . 2  O t h e r  o p e r a t i o n a l  r e q u i r e m e n t s  
Outside contracts  
A c o n s i d e r a b l e  amount of  h i g h l y  s p e c i a l i z e d  e x p e r t i s e  i s  a v a i l a b l e  i n  
e x i s t i n g  i n s t i t u t i o n s  i n  many c o u n t r i e s  of  t h e  wor ld .  Such e x p e r t i s e  
shou ld  n o t  b e  d u p l i c a t e d  on t h e  i n t e r n a t i o n a l  l e v e l ,  b u t  i n s t e a d  b e  
tapped and m o b i l i z e d  a c c o r d i n g  t o  needs  r e s u l t i n g  from t h e  i d e n t i f i c a -  
t i o n  of t h o s e  problems which c o n s t r a i n  p r o p e r  i r r i g a t i o n  management. 
O u t s i d e  c o n t r a c t s  a r e  a  power fu l  t o o l  n o t  o n l y  t o  m o b i l i z e  such  h i g h l y  
s p e c i a l i z e d  e x p e r t i s e  t o  t h e  b e n e f i t  of t h e  e f f o r t ,  b u t  a l s o  t o  i n c r e a s e  
o p e r a t i o n a l  f l e x i b i l i t y .  Such o u t s i d e  c o n t r a c t s  may a l s o  cover  a  wide  
v a r i e t y  of  s u b j e c t s  of  g e n e r a l  i n t e r e s t .  
Cooperative research programme 
P a r t i a l  fund ing  of  a c t i o n  r e s e a r c h  i n  t h e  framework of a  c o o p e r a t i v e  
agreement w i t h  t h e  i n s t i t u t e ,  p o s s i b l y  combined w i t h  n a t i o n a l  o r  
r e g i o n a l  t r a i n i n g  cou ld  c o n s i d e r a b l y  i n c r e a s e  t h e  o p e r a t i o n a l  f l e x i -  
b i l i t y  of t h e  e f f o r t .  
The funds  would h e l p  p r o v i d e  s u p p o r t  f o r  s a l a r i e s  of key n a t i o n a l  s t a f f  
engaged i n  a c t i o n  r e s e a r c h  ~ r o j e c t s  and f o r  l i m i t e d  p h y s i c a l  f a c i l i t i e s  
and equipment.  
Trai?zi?:g, feZZcwships, senri?zars tntd workshops 
T r a i n i n g  and exchange of  i n f o r m a t i o n  by means of s e m i n a r s ,  workshops and 
s t u d y  t o u r s  i s  an e s s e n t i a l  p a r t  of  a n  i n t e r n a t i o n a l  e f f o r t  t o  improve 
i r r i g a t i o n  management. E f f o r t s  i n  t h i s  f i e l d  shou ld  f o c u s  on a s p e c t s  of 
c i g a t i o n  management and n o t  on h i g h l y  s p e c i a l i z e d  s u b j e c t s .  
7.3 Headquarters  l o c a t i o n  
* 
As no phys i ca l  r e s e a r c h  f a c i l i t i e s  a r e  requi red  a t  headquar te rs  t h e r e  i s  
some f , l e x i b i l i t y  i n  choosing the  l o c a t i o n .  Unlike the  i n t e r n a t i o n a l  
a g r i c u l t u r a l  r e s e a r c h  c e n t r e s ,  t h e  headquar te rs  does not  have t o  be 
based i n  a  p a r t i c u l a r  agro-c l imat ic  zone e i t h e r .  The choice of l o c a t i o n  
can be made on t h e  b a s i s  of o t h e r  f a c t o r s .  One of those f a c t o r s  i s  t h a t  
t he  headquar te rs  should be loca t ed  nea r  the  c e n t r e  of g r a v i t y  of i rr i-  
gated a r e a s  i n  t h e  developing world. 
I n  g iv ing  f u r t h e r  cons ide ra t ion  to '  t h e  m a t t e r ,  f a c t o r s  t o  be weighed 
inc lude  t h e  o p e r a t i o n a l  e f f i c i e n c y  of t he  i n s t i t u t e  and the  l e g a l  condi- 
t i o n s  posed and p r i v i l e g e s  and immunities,  e s p e c i a l l y  i n  t a x  m a t t e r s ,  
o f f e red  by the  hos t government. 
Concerning t h e s e  f a c t o r s  t h e  follovring observa t ions  can be made: 
1 )  P a r t i c i p a t i o n  i n  n a t i o n a l  a c t i v i t i e s  i n  i r r i g a t i o n  management, in -  
c luding  a wide range of cond i t i ons ,  . i s  a b a s i c  c h a r a c t e r i s t i c  of t he  
e f f o r t .  This  means t h a t  headquar te rs  s t a f f  \ . r i l l  have t o  be on t r a v e l  
s t a t E s  f o r  an important  p a r t  of t h e i r  time. Good con~rnunicz-tions i n  
terms of a i r  t r a v e l  b u t  a l s o  i n  te rms 'of  telephone, t e l e x ,  and p o s t a l  
s e r v i c e s  a r e  t h e r e f o r e  impor tan t  f a c t o r s  t o  be considered i n  l o c a t i n g  
the  headquar te rs .  
2)  Research and comparative s t u d i e s  based on information c o l l e c t e d  from 
exper iences  from a l l  over t he  world i s  another  important  a c t i v i t y  of 
the  i n s t i t u t e .  Proximity t o  good d a t a  bases  a s  gene ra l ly  a v a i l a b l e  i n  
u n i v e r s i t i e s ,  r e s e a r c h  i n s t i t u t e s  and the  l i k e ,  would be an advantage. 
3) A s p e c i a l  a spec t  would b e  the  a b i l i t y  t o  a t t r a c t  and r c t a i n  s t a f f .  i 
Among the  i tems t o  be corisidered he re  a r e :  cos t  of l i v i n g ;  c l ima te  
and h e a l t h  cond i t i ons ;  ameni t ies  r(housing, medical s e r v i c e s ,  s choo l s ,  
a v a i l a b i l i t y  of goods and s e r v i c e s ) ;  p r i v i l e g e s  and irmnunities accorded 
t o  i n t e r n a t i o n a l  s t a f f .  
4)  Opera t iona l  f l e x i b i l i t y  i s  a l s o  a f f e c t e d  by the  a v a i l a b i l i t y  of l o c a l  
man-power, t e c h n i c a l  a s  we l l  a s  s e c r e t a r i a l ,  good English language 
s e r v i c e s  and good p r i n t i n g  f a c i l i t i e s .  
5) Locat ion nea r  t h e  c e n t r e  of g r a v i t y  of i r r i g a t e d  a reas  i n  developing 
c o u n t r i e s ,  a s  a l r eady  mentioned. 
~ e ~ a r d i n g  t h i s  l a s t  f a c t o r ,  t he  Study Team has divided opinions.  
I 
One opinion favours  l o c a t i o n  i n  a  developing country prepared t o  g i v e  I 
headquarters  s t a f f  accc . , s  t o  l i v e  i r r i g a t i o n  systems. This would enab le  
t h e  s t a f f  t o  m a i n t a i n  a  p r a c t i c a l  f i e l d - o r i e n t a t i o n ,  and t o  have t h e  
m u l t i d i s c i p l i n a r y  i n t e r a c t i o n  w i t h  n a t i o n a l  s t a f f  n e c e s s a r y  f o r  d e v e l o p i n g  
g e n e r a l i s a b l e  i n s i g h t s ,  approaches ,  and management p r a c t i c e s .  D i v i s i o n s  
of r e s p o n s i b i l i t y  among c o r e  s t a f f ,  and /or  t h e  a d d i t i o n  of ' o u t p o s t e d '  
s t a f f  f o r  n a t i o n a l  c o l l a b o r a t i o n  and l i a i s o n ,  would p r o t e c t  t h e  tSme of 
c o r e  s t a f f  s o  t h a t  they would n o t  become over- involved n a t i o n a l l y  and 
cou ld  perform t h e i r  i n t e r n a t i o n a l  r e s p o n s i b i l i t i e s  f u l l y ;  A p r o p e r  
b a l a n c e  of t h e s e  a c t i v i t i e s  would be  managed by t h e  Di rec to r -Genera l  and 
would b e  moni tored by t h e  Governing Board. 
The o t h e r  o p i n i o n  i s  t h a t  t h e  q u e s t i o n  of whether  o r  n o t  t h e  h e a d q u a r t e r s  
should  b e  i n  a d e v e l o p i n g  c o u n t r y  shou ld  b e  l e f t  open f o r  t h e  t ime b e i n g  
u n t i l  t h e  p r a c t i c a l  p o s s i b i l i t i e s  c o n s i d e r i n g  t h e  f i v e  f a c t o r s  have been 
adequa te ly  exp lored .  Headquar te r s  s t a f f  a c c e s s  t o  l i v e  i r r i g a t i o n  sys tems  
i n  t h e  immediate v i c i n i t y  i s  n o t  i m p o r t a n t  i f  s t a f f  meet minimum exper i -  
ence c r i t e r i a  (10 y e a r s )  and s i n c e  s t a 5 f  w i l l  b e  expec ted  t o  t r a v e l  t o  
t h e  f i e l d  f r e q u e n t l y .  Use of o u t p o s t e d  s t a f f  t o  p r o t e c t  t h e  t ime of c o r e  
s t a f f  might  n o t  be  workable .  The main d i s a d v a n t a g e  of l o c a t i n g  rhe  
h e a d q u a r t e r s  i n  a  deve lop ing  c o u n t r y ,  p a r t i c u l a r l y  one witK-many i r r i g a -  
t i o n  management problems,  would be  t h e  danger  t h a t  h e a d q u a r t e r s  s t a f f  
would become too invo lved  i n  l o c a l  problems r a t h e r  than  i n  problems 
under d i f f e r i n g  a g r o - c l i m a t i c  and socio-economic c o n d i t i o n s  a l s o .  
7.4 Cost Es t imate  
Based on c o s t  experienced i n  s i m i l a r  o rgan iza t ions ,  the  Study Team con- 
templates an annual  budget f o r  t he  i n s t i t u t e  once i n  f u l l  ope ra t ion  of 
US$ 4,500,000 per  annurn (1982 d o l l a r s ) ,  composed somewhat a s  fo l lows .  
Core s t a f f  a t  Headquarters (10) 
S t a f f  outposted (10) 
Consul tants  (appr.  40 months) 
Research a s s i s t a n t s  
Travel  of headquar te rs  core  s t a f f  
Rent and o f f i c e  maintenance 







Outside c o n t r a c t s  200,000 
Cooperative r e sea rch  programmes 
Seminars,  worl.cshops, fe l lowships  
Board, ,Programe Commit t e e ,  IJorlcing Groups 
Contingencies (5%) 
The budget f o r  co re  s t a f f  a t  headquar te rs  a l s o  contemplates f o r  secre-  
t a r i a l  and c l e r i c a l  s e r v i c e s  and o p e r a t i o n a l  expenses.  The budget f o r  
core  s t a f f  outposted inc ludes  provis ion  f o r  l o c a l  t r a v e l ,  r e l o c a t i o n ,  
e t c .  
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I O b j e c t i v e s  
The pr imary o b j e c t i v e s  of  t h e  s t u d y ,  t o  b e  conducted by a  team comprised 
of i n d i v i d r ~ a l  i r r i g a t i o n  e x p e r t s ,  a r e  a s  f o l l o w s  : 
1 .  On t h e  b a s i s  of a v a i l a b l e  r e p o r t s  (and a d d i t i o n a l  i n f o r m a t i o n  t o  b e  
c o l l e c t e d ) ,  t o  i d e n t i f y  t h e  e x t e n t  t o  which t r a i n i n g  and r e s e a r c h  i n  
i r r i g a t i o n  w a t e r  management a r e  now b e i n g  performed by: 
a )  e x i s t i n g  IARCs; 
b) e x i s t i n g  p r i n c i p a l  w a t e r  r e s o u r c e s  r e s e a r c h  i n s t i t u t e s  of  url iver-  
s i t i c s  i n  d e v e l o p i n g  and developed c o u n t r i e s ;  
c )  e x i s t i n g  i n s t i t u t i o n s ,  such  a s  FAO, UNDP, UNESCO, CEFIGRE i n  
France  and ILRI i n  t h e  N e t h e r l a n d s ;  and 
d )  o t h e r  o r g a n i z a t i o n s  making s i g n i f i c a n t  c o n t r i b u t i o n s  t o  t r a i n i n g  
o r  r e s e a r c h .  , 
To d e t e r m i n e  t h e  a s p e c t s  of t r a i n i n g  and r e s e a r c h  a c t i v i t i e s  i n  i r r i -  
g a t i o n  w a t e r  management which a r e  n o t  r e c e i v i n g  s u f f i c i e n t  a t t e n t i o n ,  
which cou ld  p r o v i d e  s i g n i f i c a n t  improvements i n  i r r i g a t i o n  w a t e r  man- 
agement i n  d e v e l o p i n g  c o u n t r i e s  and which might  b e  a d d r e s s e d  more 
e f f e c t i v e l y  th rough  i n t e r n a t i o n a l  - a s  c o n t r a s t e d  t o  n a t i o n a l  - e f -  
f o r t s  i n  t h i s  a r e a  and t o  s p e c i f y  t h e  c o n t e n t s  of t h e  r e s e a r c h  and 
t r a i n i n g  programmes which might  b e  needed under v a r i o u s  a l t l e r n a t i v e  
c o u r s e s  of a c t i o n  a s  i n d i c a t e d  below. 
3 .  To f o r n u l a t e  a l t e r n a t i v e  c o u r s e s  of a c t i o n  f o r  CGIAR s u p p o r t  i n  t h i s  
a r e a  and i n d i c a t e  t h e  p r o s  and cons of t h e s e  a l t e r n a t i v e s  s u c h  a s  the  
f o l l o w i n g  and t o  i d e n t i f y  t h e  s p e c i f i c  types  of problems which would 
be a d d r e s s e d  i n  r e l a t i o n  t o  each : ,  
a )  No involvement  from CG - o t h e r  t h a n  encouragenlent  of i n t e r n a t i o n a l  
s u p p o r t  f o r  i r r i g a t i o n  w a t e r  management. 
b) Format ion of a n  i n s t i t u t e  a s  s e t  f o r t h  i n  TAC's 1930 p r o p o s a l .  
c )  A model a l o n g  t h e  l i n e s  oE a n  i n t e r n a t i o n a l  s e r v i c e ,  operating i n  
. - and u s i n g  t h e  f a c i l i t i e s  of a  l i m i t e d  number of s e l e c L c d  i r r i g a -  
t i o n  sys tems  i n  a  few h o s t  c o u n t r i e s .  
d)  F e a s i b i l i t y  of  e x i s t i n g  IARCs u n d e r t a k i n g  w a t e r  nanngciy:enL i n  
t h e i r  e c o l o g i c a l  environment  and t h e  e x t e n t  t o  which tlli:; migh t  o r  
might  n o t  meet t h e  requirements. 
e )  Any o t h e r  approach  w h i c l ~  might  b e  s u g g e s t e d  a s  a  r e s u l t  of the .  
s t u d y .  
4 .  To i n d i c a t e  how t h e  above c o u r s e s  of a c t i o n  would be  cornplemcntary t o  
a c t i v i t i e s  of o t l i e r  a g e n c i e s  conccrncd w i t h  t h i s  s u b j  c c t .  
5. I n  t h e  e v e n t  t h a t  no involvement  from CG i s  recommended ( I t em 3 a  
above) ,  t o  i d e n t i f y  p r e s e n t  t r a i n i n g  and r e s e a r c h  e f f o r t s  which 
shou ld  be c o n t i n u e d  o r  expanded, and t o  s u g g e s t  new a c t i v i t i e s  o r  
s t e p s  which cou ld  b e  u n d e r t a k e n  t o  improve and s u p p o r t  i r r i g a t i o n  
p r o j e c t  performance i n  d e v e l o p i n g . c o u n t r i e s .  
6.  I t  should be  n o t e d  t h a t  ' i r r i g a t i o n  w a t e r  management' i n c l u d e s  a l l  
a c t i v i t i e s  from ups t ream a t  t h e  p o i n t  of d i v e r s i o n  o r  s t o r a g e  t o  t h e  
p o i n t  of on-farm u s e ,  and downstream t o  t h e  p o i n t  of d i s p o s a l  from 
t h e  i r r i g a t i o n  a r e a s ,  and perhaps. t o  t h e  s e a .  
I I Procedure  
1 .  To r e c r u i t  and assemble  a  s t u d y  team comprised of one o r  two a g r i -  
c u l t u r i s t s ,  one e n g i n e e r  and one s o c i a l  economis t ,  a l l  e x p e r t s  i n  
i r r i g a t i o n  p r o j e c t s  and wi th .mu1  t i - c o u n t r y  e x p e r i e n c e ,  under  t h e  
gu idance  of a S t e e r i n g  Group, which i n  p a r t i c u l a r  would s u p p l y  
e x p e r t  knowledge of t h e  CGIAR sys tem and o b j e c t i v e s .  The S t e e r i n g  . 
Group would i n c l u d e  r e p r e s e n t a t i v e s  of t h e  main i n t e r e s t e d  p a r t i e s  
which were p r e s e n t  a t  t h e  ad hoc mee t ing  of t h e  C G I A R  members on 
w a t e r  management h e l d  on J u l y  20,  1981. 
2. The Study Team w i l l  assemble  a t  FA0 Headquar te r s  f o r  abou t  two weeks 
f o r  b r i e f i n g ,  d e s k  s t u d i e s  and f o r m u l a t i o n  of p r e l i m i n a r y  observh-  
t i o n s .  T h e - S t e e r i n g  Group w i l l  meet w i t h  t h e  Study Te,m a t  t h e  end of 
t h e s e  two weeks. ,  - 
3 .  A b r i e f i n g  i n d e s  of r e l e v a n t  documentat ion would be made a v a i l a b l e  
t o  t h e  Study Team p r i o r  t o  t h e i r  f i r s t  mee t ing .  A t  t h e  f i r s t  mee t ing  
a s c h e d u l e  would b e  p r e p a r e d  of v i s i t s  t o  v a r i o u s  i n s t i t u t i o n s  and 
o p e r a t i o n a l  i r r i g a t i o n  systems i n  d e v e l o p i n g  c o u n t r i e s  t o  o b t a i n  
needed i n f o r m a t i o n  n o t  r e a d i l y  a v a i l a b l e  o t h e r w i s e .  During t h e s e  
v i s i t s  i n f o r m a t i o n , p e r t i n e n t  t o  t h e  f i r s t  f i v e  o b j e c t i v e s  o u t l i n e s  
above would be  o b t a i n e d  s p e c i f i c a l l y .  
4 .  F i e l d  y i s i t s  would b e  c a r r i e d  o u t  t o  s e l e c t e d  d e v e l o p i n g  c o u n t r i e s ,  
some by p a r t  of t h e  Study Team j o i n t l y ,  and i f  c o n s i d e r e d  n e c e s s a r y ,  
some by i n d i v i d u a l  members of t h e  teani. V i s i t s  t o  some i n s t i t u t i o n s  
i n  developed c o u n t r i e s  may a l s o  b e  a r r a n g e d  a s  r e q u i r e d  by t h e  
S t e e r i n g  Group a n d / o r  t h e  Study Team. 
5. The Study Team would re-assemble  a t  FA0 Rome f o l l o w i n g  t h e  f i e l d  
v i s i t s  f o r  d i s c u s s i o n  and d r a f t i n g  of t h e  f i n a l  r e p o r t  t o  TAC t o  be  
submi t t ed  by t h e  Study Team l e a d e r  t o  t h e  Chairman of TAC by J a n u a r y  
15, 1982. 
6. The f i n a l  r e p o r t  of t h c  Study Team would be p r e s e n t e d  t o  TAC a t  t h e  
2 7 t h  Fleet ing,  i.Iarch 9- 1 4 ,  1982. 
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ANNEX 3 
CURRENT s ITUATIONIN SELECTED COUNTRIES 
INTRODUCTION 
1) T h i s  annex d e s c r i b e s  t h e  c u r r e n t  s i t u a t i o n  w i t h  r e s p e c t  t o  i r r i g a -  
t i o n  rc~nagement  i n  s e v e r a l  c o u n t r i e s  t h a t  t h e  Study Team v i s i t e d  
and s t u d i e d  d u r i n g  p r e p a r a t i o n  of t h i s  r e p o r t  o r  t h a t  they  had 
knowledge of th rough  p r e v i o u s  v i s i t s  and s t u d i e s .  Emphasis i s  g i v e n  
t o  problems s t i l l  n e e d i n g  s o l u t i o n ,  what  i s  b e i n g  done c u r r e n t l y  t o  
s o l v e  t h e s e  problems and what r emains  t o  be done. 
I N D I A  
Uackground 
, -- 
2 )  I n d i a  h a s  60 m i l l i o n  h a  of i r r i g a t e d  l a n d  (Commanded A r e a ) ,  more 
than  any c o u n t r y  i n  t h e  world  e x c e p t  China.  I n d i a ' s  a c c o r ~ ~ p l i s \ u n c n t s  
s i n c e  Indcpcrldence i n  c o n s t r u c t i o n  of  i r r i g a t i o n  works h a s  been 
pllenomenal w i t h  a l m o s t  one m i l l i o n  ha  added p e r  y e a r  on t h e  aver -  
age .  About h a l f  of t h e  i r r i g a t e d  a r e a  i s  i n  l a r g e  and medium p u b l i c  
schemes of  o v e r  2 ,000 h a ;  t h e  remain ing  h a l f  i s  i n  s o - c a l l e d  minor  
schemes,  m o s t l y  s m a l l  p r i v a t e l y  owned s h a l l o w  w e l l s .  About two- 
t h i r d s  of  t h e  w e l l s  a r e  equipped w i t h  e l e c t r i c  pumps and t l le  r e -  
mainder  w i t h  d i e s e l ,  an imal  o r  human-driven pumps o r  l i f  t i n 6  
d e v i c e s .  The f i g u r e  of 60 m i l l i o n  h a  r e p r e s e n t  t h e  ' i r r i g a t i o n  
p o t e n t i a l ' ;  t h e  a r e a  a c t u a l l y  i r r i g a t e d  i s  a b o u t  a  f o u r t h  l e s s  o r  
45 m i l l i o n  ha .  The y i e l d  f rom t h i s  r educed  a r e a  i s  moreover low 
compared w i  t h  world  s  t a n d a r d s  . F o r  example,  t h e  y i e l d  of i r r i g a t e d  
f o o d g r a i n s  i n  1950 was 0 . 9  t o n s  p e r  h a  and,  a l t h o u g h  t h e r e  h a s  been 
a  s u b s t a n t i a l  i n c r e a s e  up t o  a  c u r r e n t  y i e l d  of 1.7 tons  p e r  h a ,  i t  
i s  s t i l l  low compared w i t h  wor ld  s t a n d a r d s .  Moreover, d e s p i t e  t h e  
r a p i d  i n c r e a s e  i n  i r r i g a t i o n  p o t e n t i a l  a c h i e v e d  i n  t h e  p a s t  t h r e e  
d e c a d e s ,  p e r  c a p i t a  a n n u a l  i n c r e a s e  i n  a g r i c u l t u r a l  p r o d u c t i o n  h a s  
averaged  o n l y  2.25%. 
3)  An o v e r a l l  o b j e c t i v e  of I n d i a ' s  S i x t h  P l a n  (1980-1985) i s  t o  
i n c r e a s e  food p r o d u c t i o n  t o  a b o u t  150-155 m i l l i o n  t o n s  f rom t h e  
p r e s e n t  l e v e l  of  120-130 m i l l i o n  t o n s .  AparE from o t h e r  i n p u t s ,  
t h i s  i s  t o  b e  ach ieved  by increasing t h e  i r r i g a t i o n  p o t e n t i a l  by 14 
m i l l i o n  lla and tllrough more e f f i c i e n t  u t i l i z a t i o n  of t h e  p o t c n t i a l  - 
a l r e a d y  created. The l a t t e r  woulcl be  accomplishecl 11y modernizing 
t h e  o l d e r  i r r i g a t i o n  sys tems  and by a d o p t i n g  b c t t c r  w a t e r  manage- 
ment i n  t l lcsc  sys tems .  The f a c t  t h a t  o n l y  abou t  2 5 2  t o  402 of t h e  
w a t e r  d i v c r t e d  i s  d e l i v e r e d  t o  c r o p  r o o t  zones i l l u s t r a t e s  f u r t h e r  
t h e  v e r y  l a r g e  gap between t h e  i r r i g a t i o n  p o t e n t i a l  and what might  
a c t u a l l y  be  a c h i e v e d  tllrough b e t t e r  w a t e r  management. 
4 )  A major  p a r t  o f  t h e  s m a l l - s c a l e  i r r i g a t i o n  development t o  d a t e  h a s  
been i n  t h e  form o f . p r i v a t e  s h a l l o w  w e l l s ,  mainly  i n  t h e  G a n g e t i c  
p l a i n  where a b o u t  12  m i l l i o n  h a  a r e  p r e s e n t l y  i r r i g a t e d  f rom t h i s  
s o u r c e .  The groundwater  r e s o u r c e  i n  t h i s  p l a i n  i s  more t h a n  ample 
t o  p e r m i t  d o u b l i n g  of t h e  a r e a  i r r i g a t e d  e x c e p t  t h a t  l a c k  of energy  
and t h e  many s m a l l h o l d i n g s  a r e  p r imary  c o n s t r a i n t s .  Although hydro- 
e l e c t r i c  s o u r c e s  cou ld  b e  t a p p e d ,  t h e s e  a r e  of h i g h  c o s t  w h i l e  in-  
t e r n a t i o n a l  c o m p l i c a t i o n s  p r e s e n t  d i f f i c u l t  o b s t a c l e s ,  a g a i n  
i n d i c a t i n g  t h a t  most of t h e  a d d i t i o n a l  a g r i c u l t u r a l  p r o d u c t i o n  
a t t a i n a b l e  th rough  i r r i g a t i o n  i n  t h e  n e x t  s e v e r a l  decades  w i l l  
have t o  come from m o d e r n i z a t i o n  and from improved y i e l d s  ( i n c l u d i n g  
double  c ropp ing  t o  t h e  e x t e n t  p r a c t i c a b l e )  i n  t h e  a r e a s  a l r e a d y  
i r r i g a t e d .  
5) The low p r e s e n t  o u t p u t  o f  t h e  I n d i a n  i r r i g a t i o n  systems ( n o t  o n l y  
a c c o r d i n g  t o  y i e l d  b u t  a l s o  a c c o r d i n g  t o  t h e  l i m i t e d  e x t e n t  of 
double  c ropp ing  d e s p i t e  f a v o u r a b l e  year-round growing c o n d i t i o n s )  
h a s  r e s u l t e d ,  s i n c e  t h e  mid-19701s,  i n  a  s u b s t a n t i a l  e f f o r t  by 
I n d i a n  a u t h o r i t i e s  t o  e l i m i n a t e  d e f i c i e n c i e s .  The main f e a t u r e - o f  
t h i s  e f f o r t  h a s  been t h e  s e t t i n g  up of 44 Command Area Development 
A u t h o r i t i e s  (CADAs) c o v e r i n g  7 4  major  i r r i g a t i o n  c a n a l s  and s e r v i n g  
15 m i l l i o n  ha .  The CADAs, which had a s  a  major  o b j e c t i v e  improve- 
ment of on-farm w a t e r  management, have had l i m i t e d  s u c c e s s .  The 
r e a s o n s  f o r  l a c k  of s u c c e s s ,  g e n e r a l l y  w e l l  unders tood  by l e a d i n g  
I n d i a n  o f f i c i a l s ,  most o f t e n  concern  f a u l t y  enterpr ise-management-  
t y p e , p r a c t i c e s  b u t  of e q u a l  o r  g r e a t e r  importance a r e  f a u l t s  i n  t h e  
main sys tem ( u n t i n e l y  o r  i n s u f f i c i e n t  w a t e r  s u p p l y ) ,  laclc o f  d r a i n -  
age and r o a d s , ' a n d  l a c k  of a d v i c e  on a p p r o p r i a t e  fa rming  sys tems  
f o r  u s e  by i n d i v i d u a l  f a r m e r s .  
C u r r e n t  P h y s i c a l  and O p e r a t i o n a l  I n a d e q u a c i e s  
( a s  c i t e d  by I n d i a n .  O f f i c i a l s )  
6)  Appendix 1 of t h i s  Annex l i s t s  t h e s e  i n a d e q u a c i e s  and g i v e s  r e f e r -  
ences  t o  t h e  p u b l i c a t i o n s  w h e r e i n  t h e  i n a d e q u a c i e s  were c i t e d .  
Needed Improvements i n  Main System O p e r a t i o n  
7) Addition of regulating structtcres: I n  g e n e r a l ,  t h e  c a n a l s  a r e  r u n  
e i t h e r  comple te ly  on o r  comple te ly  o f f .  The c a n a l s  a r e  seldom op- 
e r a t e d  a t  l e s s  t h a n  f u l l  c a p a c i t y  s o  a s  t o  s a v e  w a t e r  when r a i n s  
o c c u r .  To p r e v e n t  o v e r t o p p i n g  of c a n a l  banlcs when r a i n s  o c c u r ,  
e s c a p e  c h a n n e l s  a r e  opened which causes  w a s t e  of w a t e r .  
8) Opera t ing  c n g i n c e r s  a r c  g i v i n g  thought  on how o p e r a t i o n s  can  be 
improved t o  c o n s e r v e  wcltcr. I n  t h e  Upper Canga system i n  U t t a r  
P r a d c s h ,  t h e  Study Team was t o l d  t h a t  a  d e t a i l e d  f e a s i b i l i t y  s t u d y  
i s  under p r c p n r a  t i o n  r e g a r d i n g  t h e  a d d i  t i o n  of  s t r u c t u r c s  , rnninly 
c r o s s - r e g u l a t o r s ,  t o  e n a b l e  improved o p e r a t i o n .  The a d d i t i o n a l  
hardware  nccdcd would i n c l u d e  a n  improved tclecommuni.cation system.  
9 )  Addition of teZeconommications: The need f o r  improved telecommuni- 
c a t i o n s  i s  a  t y p i c a l  d e f i c i e n c y  i n  I n d i a n  i r r i g a t i o n  d i s t r i b u t i o n  
sys tems .  I n d i a n  o f f i c i a l s  a r e  w e l l  aware of t h e  inadequacy and 
c o n s i d e r a t i o n  i s  b e i n g  g i v e n  t o  t h e  f o r m a t i o n  of  a  t a s k  f o r c e  t o  
de te rmine  i n t e r  aZia whether  , t h e  problem s h o u l d  b e  a t t a c k e d  n a t i o n -  
wide ,  s t a t e w i d e ,  o r  a s  p a r t  of r e m o d e l l i n g  schemes f o r  i n d i v i d u a l  . 
s y s  tems . 
10)  Creation of separate operation and rnaint-enance mhgs: As i n d i c a t e d  
i n  Appendix 1 ,  i t e m  B - 1 . 3 ,  s e n i o r  I n d i a n  o f f i c i a l s  have recommended 
c r e a t i o n  of s e p a r a t e  o p e r a t i o n  and main tenance  wings i n  t h e  S t a t e  
I r r i g a t i o n  Depar tments  . However, implemenkat ion of t h e s e  recommen- 
d a t i o n s  i s  t h u s  f a r  b e i n g  r e a l i z e d  o n l y  i n  Maharash t ra  and i n  no 
o t h e r  S t a t e .  
1 I ) Addition of  19oads: Laclc of  farm-to-market  r o a d s  i s  of t e n  a  s e r i o u s  - 
drawback. A road'  p l a n  s h o u l d  b e  i n c l u d e d  d u r i n g  p r e l i m i n a r y  p l a n -  
n ing  of i r r i g a t i o n  p r o j e c t s  s i n c e  i t  i s  d i f f i c u l t  t o  add r o a d s  
a f t e r  t h e  sys tem i s  completed.  The l a r g e r  c a n a l s  do have mainten-  
ance  r o a d s  b u t  t h e  i n t e r m e d i a t e  s i z e  c a n a l s  need such r o a d s  a l s o .  
The main tenance  r o a d s  c a n  b e  g r a d u a l l y  upgraded t o  pernlanent r o a d s .  
S i m i l a r l y ,  when c o n s t r u c t i n g  d r a i n s ,  t h e  e:tcavated m a t e r i a l s  can be  
used t o  form embankments f o r  t h e  a d j a c e n t  r o a d s .  The S u p e r i n t e n d i n g  
Engineer  i n  c h a r g e  of  t h e  ~ a y a k w a d i  p r o j e c t  i n  ! .faharashtra s a i d  
t h a t  he was g r a d u a l l y  conv inc ing  h i s  c o l l e a g u e s  t o  add main tenance  
roads  a l o n g  c a n a l s  and t o  g r a d u a l l y  upgrade them t o  permanent 
r o a d s .  
1 2 )  Conj?lnctive use of groundwater  and s u r f a c e  w a t e r  i s  a l r e a d y  wide ly  
p r a c t i s e d  i n  t h e  S t a t e s  of Pun jab  and Haryana.  E x p l o i t a t i o n  of 
groundwater  i s  main ly  by s m a l l  f a r m e r s  employing s h a l l o w  w e l l s  f i -  I 
nanced th rough  a g r i c u l t u r a l  c r e d i t  schemes.  I n  t h e  newer p r o j e c t s  
i n  South  I n d i a  where w a t e r  i s  a s  y e t  p l e n t i f u l ,  w a t e r l o g g i n g  i s  oc- 
c u r r i n g  due t o  o v e r - i r r i g a t i o n  of r i c e  b u t  t h e  waterloggi-ng i s  
b e i n g  c o n t r o l l e d  through i n s t a l l a t i o n  of s h a l l o w  w e l l s  a g a i n  by 
i n d i v i d u a l  f a n n e r s  w i t h  f i n a n c i n g  through a g r i c u l  r u r a l  c r e d i t  . The 
pumped w a t e r  i s  b e i n g  uscd i n  t h e  r a b i  s e a s o n  t o  supplement  w a t e r  
t h a c  i s  n o t  a lways  a v x i l a b l e  a t  t h a t  t ime from t h e  c a n a l  sys tem.  I n  
one such c a s e  v i s i t e d  by t h e  Study Team, t h e  i n ~ p r c s s i o n  was g a i n e d  
t h a t ,  i n  v iew of t h e  h i g h  energy c o s t  f o r  pumping, a  h o r i z o n t a l  
sys tem migh t  s o l v e  w a t e r l o g g i n g  more e c o n o m i c a l l y .  
.r) 
13)  Ca?znZ Zin.i?lg: X n o t l ~ e r  e lemcnt  of t h e  c o n j u n c t i v e - u s e  problem con- 
c e r n s  whetllcr major  c a n a l s  shou ld  be  l i n e d  i n  o r d e r  t o  r e d u c e  s e e -  
page l o s s e s  i n  c a s e s  where t h e  seepage  can  be  r e c o v e r e d  th rough  
groundwater  I n  f l a t  t e r r a i n ,  l i n i n g  i s  more p r a c t i c ~ b l e  
. - s i n c e  a  p a r a l l e l  l i n e d  c a n a l  can  be c o n s t r u c t e d  and t h e  o l d  c a n a l  
abandoned. However, i n  c a s e s ,  such a s  many i n  South  I n d i a  wlicrc the  
main c a n a l s  a r c  l o c a t e d  i n  r e l a t i v e l y  slopin;;  t e r r a i n  ( s o - c a l l e d  
' c o n t o u r  c,xn;l lsl)  , c o n s t r u c t i o n  of p n r a l l c l  c n l ~ n l s  h c ? c o ~ i ~ ~ s  d i f  f i- 
c u l t  and r e c o v e r y  of  seepage  througll g r o u n c l ~ ~ a t c r  pumping t l ~ e n  seems 
more a t t r a c t i v e .  
1 4 )  Automation as a means o f  circwnventing managerial d i f f i c u l t i e s :  
Because of i n s t i t u t i o n a l  d i f f i c u l t y  and l a c k  of t r a i n i n g  s t a f f ,  
though t  h a s  been  g i v e n  t o  ha rdware  improvements t h a t  c i r cumvent  
t h e s e  c o n s t r a i n t s .  F o r  example,  a  t u b e w e l l  p r o j e c t  i n  U t t a r  P radesh  
f i n a n c e d  by t h e  World Banlc f e a t u r e s  push-but ton-operated w e l l s  t h a t  
supp ly  b u r i e d  p i p e  s y s  tems equipped w i t h  h y d r a n t s  t o ,  s e r v e  i n d i v i d -  
u a l  f a rms ;  o p e r a t i o n  and main tenance  requi- rements  a r e  t h e r e b y  
g r e a t l y  s i m p l i f i e d .  Another  hardware  improvement i n  some sys tems  
might  i n c l u d e  t h e  i n s t a l l a t i o n  of  a u t o m a t i c  f l o a t - o p e r a t e d  g a t e s  
f o r  m a i n t a i n i n g  cons  t i n t  l e v e l s  i n  c a n a l s .  The l a t t e r  p o s s i b i l i t y  
i s  expec ted  t o  be  under  i n v e s t i g a t i o n  i n  t h e  n e a r  f u t u r e  by French  
c o n s u l t a n t s .  
1 5 )  Improved project  pZanr,ing: The need f o r  improved p r o j e c t  p lann ing .  
c a p a b i l i t y  i s  r e a l i z e d  i n  some o f ~ t h e  S t a t e  I r r i g a t i o n  Depar tments  
b u t  n o t  a l l .  T y p i c a l l y ,  a  depar tment  h a s  a  Design D i r e c t o r a t e  and a  
C o n s t r u c t i o n  D i r e c t o r a t e .  The C o n s t r u c t i o n  D i r e c t o r a t e  u s u a l l y  
a s s i g n s  s p e c i f i c  g e o g r a p h i c  a r e a s  t o  D i v i s i o n s  which c a r r y  o u t  
o p e r a t i o n  and main tenance  a s  w e l l .  Almost none of t h e  S t a t e  I r r i g a -  
t i o n  Depar tments  have P l a n n i n g  D i r e c t o r a t e s .  An e x c e p t i o n  i s  t h e  
S t a t e  of G u j a r a t  where a  new P l a n n i n g  D i r e c t o r a t e  i s  b e i n g  s e t  up 
t o  h a n d l e  p l a n n i n g  f o r  t h e  l a r g e  Narmada b a s i n  development .  
16) A development of r e c e n t  y e a r s  i s  t h e  f o r m a t i o n  of a c o n s u l t i n g  
g roup ,  '\\TAPCOS', which i s  a  quasi-government i n s t i t u t i o n  d e v o t e d  t o  
p r e p a r a t i o n  of f e a s i b i l i t y  r e p o r t s  f o r  s p e c i f  i,c p r o j e c t s  and some- 
t imes  f i n a l  d e s i g n  a s  w e l l .  MAPCOS , i s  a l s o  do ing  some c o n s u l t i n g  
work o u t s i d e  of I n d i a .  The C e n t r a l  IJa ter  Commission, a n  agency of 
t h e  c e n t r a l  government,  a l s o  does  a c e r t a i n  amount of p r o j e c t  
p r e p a r a t i o n  worlc based on s p e c i f i c  r e q u e s t s  from S t a t e  governments .  
I n  g e n e r a l ,  however, p r i v a t e  o r  even q u a s i - p u b l i c  c o n s u l t i n g  f i r m s  
t o  c a r r y  o u t  p r o j e c t  p r e p a r a t i o n  a r e  l a c k i n g  i n  I n d i a .  T h i s  p l a c e s  
too much l o a d  on t h e  S t a t e  I r r i g a t i o n  Depar tments  and i s  one  r e a s o n  
why p r o j e c t s  i n  I n d i a  s u f f e r  from poor  p r e p a r a t i o n .  
17) Before  a n  i r r i g a t i o n  ~ r o j e c t  goes  f o r w a r d ,  whe the r  f o r  a s y s t e m  
s e r v i n g  a  new a r e a  o r  f o r  improvements t o  a n  e x i s t i n g  s y s t e m ,  a  
' f e a s i b i l i t y  s t u d y '  2s r e q u i r e d .  F e a s i b i l i t y  s t u d i e s  of p r o p e r  
s t a n d a r d s  need t o  b e  based  on a d e q u a t e  ' p r o j e c t  p l a n n i n g '  c o n c e p t s .  
I n  t h i s  c o n n e c t i o n ,  t h e  f o l l o w i n g  q u o t a t i o n  f rom t h e  comprehensive  
1972  r e p o r t  of  t h e  second I r r i g a t i o n  Commission i s  p e r t i n e n t .  'Many 
of o u r  e x i s t i n g  i r r i g a t i o n  works ,  which were by a l l  s t a n d a r d s  a  
c r e d i t a b l e  performancc a t  t h e  t ime when they were  e:cecuted, a r c  now 
prov ing  too i n a d e q u a t e  t o  meet t h e  e x a c t i n g  demands of t h e  new high 
y i e l d i n g  v a r i e t i e s  of c r o p s .  These c r o p s  r e q u i r e  n o t  o n l y  t ime ly  
i r r i g a t i o n  b u t  a l s o  i r r i g a t i o n  i n  t h e  r e q u i r e d  q u a n t i t i e s . '  
IS)  P lann ing  and d e s i g n  s t a n d a r d s  have cllangcd i n  t h e  l a s t  two decades  
and they can b e  e x p e c t e d  t o  c o n t i n u e  t o  chnngc a s  f u r t h c r  develop-  
rncnt o f  I n ' V s  t c ~ ! i ~ ~  p l a c e  i n c l u d i n g  s h o r t - d u r a t i o n  v a r i e t i c : ;  for- 
which p l a n t i n g  d a t c s  beconic nlorc c r i t i c a l  than  11eEo~-e. 'TI12 s h o r t -  
d u r a t i o n  v a r i e ~ i e s  migllt r e q u i r e  l e s s  w a t e r  b u t  a r e  mosc e x i g e n t  
regardin:: t i m e l i n e s s  and peak w a t e r  r e q u i r e m c ~ ~ t s ,  thus  put t in : ,  
f u r t h e r  c o n s t r : i i n t s  on and d e s i g n  of tile d i s t r i b u t i o n  
sys tem.  
Not o n l y  w i l l  c a n a l  c a p a c i t i e s  h a v e  t o  i n c r e a s e ;  i t  w i l l  a l s o  b e  
n e c e s s a r y  t o  f i n d  ways t o  add in - sys tem s t o r a g e  and /o r  meet peak 
requ i rements  th rough  c o n j u n c t i v e  u s e  of groundwater .  
Needed Improvements i n  On-Farm Systems 
19) The purpos'e and scope  of t h e  Command Area Development A u t h o r i t i e s  
(CADtls) was d e s c r i b e d  i n  P a r a .  5. I t  was a l s o  mentioned t h a t  t h e  
CADAs have had l e s s  s u c c e s s  t h a n  a n t i c i p a t e d .  A l e a d i n g  I n d i a n  
A d m i n i s t r a t i v e  S e r v i c e  o f f i c i a l  who had been i n  charge  o f  t h e  CADAs 
i n  Andhra Pradesh  and w i t h  whom t h e  Study Team spoke f e l t  s t r o n g l y  
t h a t  t h e  main sys tem h a s  t o  b e  improved f i r s t  t o  e n s u r e  adequa te ,  
and t i m e l y  s u p p l y  of  i r r i g a t i o n  w a t e r ,  w i t h o u t  which t h e  e s t a b l i s h -  
ment of CADAs may b e  p remature .  There  a r e  however c a s e s  t rhere  
p a r t i a l  improvements of  t h e  main sys tem c a n  be  c a r r i e d  o u t  s e l e c -  
t i v e l y  w i t h o u t  w a i t i n g  f o r  improvement of  t h e  e n t i r e  sys tem which 
w i l l  o r d i n a r i l y  t a k e  a  long  t ime.  
20)  Improved i n s  t i tv . t iona2 arrangerents: Reasons f o r  i n e f f e c t i v e n e s s  of 
many of t h e  CADAs can a l s o  b e  t r a c e d  i n  l a r g e  measure t o  f a u l t y  
i n s t i t u t i o n a l  a r rangements  and p e r s o n n e l  p o l i c i e s  a s  a l r e a d y  recog-  
n i z e d  by I n d i a n  o f f i c i a l s ;  s e e  Appendix 1 ,  p a r t  B .  I n  a  p r o j e c t  i n  
Piaharashtra  t h a t  t h e  Study Team v i s i t e d ,  t h e  CADA h a s  been p l a c e d  
under t h e  r e s p o n s i b i l i t y  of a  S u p e r i n t e n d i n g  Engineer  who o p e r a t e s  . 
t h e  main s y s  t,e-nl a s  w e l l .  T h i s  f  o l l o l ~ s  a n  i n s  t i r u t i o n a l  arrangemen t 
t h a t  had been recommended by a  l e a d i n g  I n d i a n  o f f i c i a l  ( I t em 1 . 2 . ,  
P a r t  B ,  Appendix 1 )  ; howevcr, t h i s  sccnls t o  bc the  on ly  c a s e  of 
such an i n s  t i  t u t i o n a l  a r rangement .  
21) Adoption of 1-otn5iomZ qater su?piy:  The warabandi  ( r o t a t i o n a l  
w a t e r  supp ly )  sys tem i s  w e l l  e s t a b l i s h e d  i n  1:orthern Incl ia ,  cs-  
p e c i a l l y  Punjab and Har iyana ,  where it: has  evolved and 113s been  i n  
e f f e c t i v e  opera t io11  f o r  a  lone, p e r i o d  of ,  t ime.  Llarabandi i s  a means 
of a c h i e v i n g  e q u i t a b l e  d i s t l - i b u t i o n  of w a t e r  a c c o r d i n g  t o  s i z e  of 
la l ldholding s o  t h a t  w a t e r  i s  s h a r e d  e q u i t a b l y  even when i n  s h o r t  
s u p p l y .  Elsewhere  i n  I n d i a ,  warabandi  i s  r a r e l y  p r a c t i s e d  o r  is  n o t  
c a r r i e d  o u t  a s  e f f e c r i v e l y .  
2 2 )  Var ious  improvements i n  warabandi  o p e r a t i o n  a r e  proposed such  a s :  
(a )  n a i n t a i n  t h e  r e g u l a r  t u r n s  of i n d i v i d u a l  f a r m e r s  b u t  t h r o t t l e  
down t h e  chak o u t l e t  when water? s u p p l y  i s  s h o r t  ( t h i s  would r e q u i r e  
a n  a t l j u s  t a b l e  gate on t h e  chak o u t l e t  p l u s  added l a b o u r  f o r  oper-  
a t i o n )  and ( b )  r o t z t i o n  of t h e  minor c a n a l s  a s  a l r e a d y  p r a c t i s e d  i n  
H ~ L - Y ~ I I ~ .  The a d o p t i o n  of such nlodif icat iorl . ;  r e q u i r e s  a  form of 
a c t i o n  r e s e a r c h  w i t h i n  i n d i v i d u a l  c a n a l  conmiands i n v o l v i n g  con- 
s i d e r a b l e  e v a l u a t i o n  and t r i a l  and e r r o r .  I n  the  newer p r o j e c t s  i n  
Sou th  I n d i a  where e x t e n s i v e  r i c e  and s u g a r c a n e  c u l t i v a t i o n  i s  
p r L ~ c t i s c d  i n  t h e  upper p a r t q  of t h e  c a n a l  conunands, the  i n t r o d u c -  
t i o n  of such m o d i f i c a t i o n s  \,70uld be  f u r t i ~ c r  c o ~ l p l i c n t e d  s i n c e  
f a r m e r s  a t  t l ~ e  upper  end of t h e  c n n n l  commnnds have developed a  
v e s t e d  i n t e r e s t  i n  t h e  c o p i o u s  s u p p l i e s  of wa te r  t h a t  they now 
e n j o y .  
Nor o n l y  w i l l  c a n a l  c a p a c i t i e s  have  t o  i n c r e a s e ;  i t  w i l l  a l s o  b e  
n e c e s s a r y  t o  f i n d  ways t o  add in-sys tem s t o r a g e  and /o r  meet peak 
r e q u i r e m e n t s  through c o n j u n c t i v e  u s e  of  groundwater .  
Needed Improvements i n  On-Pam Systems 
19) The purpos'e and scope  of  t h e  Command Area Development A u t h o r i t i e s  
(CADAs) was d e s c r i b e d  i n  P a r a .  5.  I t  was a l s o  mentioned t h a t  t h e  
CADAs have had l e s s  s u c c e s s  t h a n  a n t i c i p a t e d .  A l e a d i n g  I n d i a n  
A d m i n i s t r a t i v e  S e r v i c e  o f f i c i a l  who 'had been  i n  c h a r g e  of t h e  CADAs 
i n  Andhra Pradesh  and w i t h  whom t h e  Study Team spoke f e l t  s t r o n g l y  
t h a t  t h e  main sys tem h a s  t o  b e  improved f i r s t  t o  e n s u r e  adequa te .  
and t i m e l y  s u p p l y  of  i r r i g a t i o n  w a t e r ,  w i t h o u t  which t h e  e s t a b l i s h -  
ment of CADAS may b e  premature .  There  a r e  however c a s e s  where  
p a r t i a l  improvements of t h e  main s y s t e m  c a n  b e  c a r r i e d  o u t  s e l e c -  
t i v e l y  w i t h o u t  w a i t i n g  f o r  improvement of t h e  e n t i r e  s y s t e m  which 
w i l l  o r d i n a r i l y  t a k e  a  long  t ime.  
20) Improved ins-titutionaZ arrangements: Reasons f o r  i n e f f e c t i v e n e s s  of 
many of t h e  CADAs c a n  a l s o  b e  t r a c e d  i n  l a r g e  measure  t o  f a u l t y  
i n s t i t u t i o n a l  a r rangements  and p e r s o n n e l  p o l i c i e s  a s  a l r e a d y  recog-  
n i z e d  by I n d i a n  o f f i c i a l s ;  s e e  Appendix 1 ,  p a r t  B. I n  a  p r o j e c t  i n  
l i a h a r a s h t r a  t h a t  t h e  S tudy  Team v i s i t e d ,  t h e  CZDA h a s  been  p l a c e d  
under  t h e  r e s p o n s i b i l i t y  of a  S u p e r i n t e n d i n g  Engineer  who o p e r a t e s  
t h e  main sys ten l  a s  w e l l .  T h i s  f o l l o w s  a n  i n s t i t u t i o n a l  a r rangement  
t h a t  had been recommended by a  l e a d i n g  I n d i a n  o f f i c i a l  ( I t e m  1 . 2 . ,  
P a r t  B ,  Appendix I )  ; however, t h i s  seems t o  be t h e  o n l y  c a s e  of 
such  an i n s t i t u t i o n a l  ar rangement .  
2 1 ) Adoption of rotationaZ water supply: The waraband i  ( r o t a t i o n a l  
w a t e r  s u p p l y )  sys tem i s  w e l l  e s t a b l i s h e d  i n  Nor the rn  I n d i a ,  es-  
p e c i a l l y  Pun jab  and Har iyana ,  where i t  h a s  evolved and has  been  i n  
e f f e c t i v e  o p e r a t i o n  f o r  a  long  p e r i o d  of t ime .  Warabandi i s  a means 
of a c h i e v i n g  e q u i t a b l e  d i s t r i b u t i o n  of  w a t e r  a c c o r d i n g  t o  s i z e  of 
l a n d h o l d i n g  s o  t h a t  w a t e r  i s  s h a r e d  e q u i t a b l y  even when i n  s h o r t  
s u p p l y .  E l sewhere  i n  I n d i a ,  warabandi  i s  r a r e l y  p r a c t i s e d  o r  is n o t  
c a r r i e d  o u t  a s  e f f e c t i v e l y .  
2 2 )  Var ious  improvements i n  warabandi  o p e r a t i o n  a r e  proposed such  a s :  
( a )  m a i n t a i n  t h e  r e g u l a r  t u r n s  of  i n d i v i d u a l  f a r m e r s  b u t  t h r o t t l e  
down t h e  chak o u t l e t  when wate? s u p p l y  i s  s h o r t  ( t h i s  would r e q u i r e  
a n  a d j u s t a b l e  g a t e  on t h e  chak o u t l e t  p l u s  added l a b o u r  f o r  oper -  
a t i o n )  and (b)  r o t a t i o n  of t h e  minor  c a n a l s  a s  a l r e a d y  p r a c t i s e d  i n  
Haryana.  The a d o p t i o n  of such m o d i f i c a t i o n s  r e q u i r e s  a  form of 
a c t i o n  r e s e a r c h  w i t h i n  i n d i v i d u a l  c a n a l  c o ~ ~ v . a n d s  i n v o l v i n g  con- 
s i d e r a b l e  e v a l u a t i o n  and t r i a l  and e r r o r .  I n  t h e  newer p r o j e c t s  i n  
Sou th  I n d i a  where e x t e n s i v e  r i c e  and s u g a r c a n e  c u l t i v a t i o n  i s  
p r a c t i s e d  i n  t h e  upper p a r t s  of  t h e  c a n a l  commands, t h e  i n t r o d u c -  
t i o n  of such nlodif ica  t i o n s  would be  f u r  t l ier  compl ica ted  s i n c e  
f a r m e r s  at t h e  u p p e r  end of t h e  c a n a l  cornmands have deve loped  a  
v e s t e d  i n t e r e s t  i n  t h e  cop ious  s u p p l i e s  of w a t e r  t h a t  t h e y  now 
e n j o y  . - 
On-farm i r r i g a t i o n  practices i n  1 n d i a  l e a v e  much t o  b e  d e s i r e d .  The 
t y p i c a l  method i n  u s e  i s  f l o o d  i r r i g a t i o n ,  w i t h  p l o t - t o - p l o t  d i s -  
t r i b u t i o n  common, e s p e c i a l l y  i n  r ice-paddy a r e a s .  Borders  and 
f u r r o w s  a r e  h a r d l y  e v e r  used .  The r e c e n t l y  e s t a b l i s h e d  Water and 
Land hlanagement I n s t i t u t e  a t  Aurangabad i n  Maharash t ra  has  begun t o  
exper iment  w i t h  b o r d e r s  and f u r r o w s  and w i l l  b e  p r e p a r i n g  a  manual - 
d e a l i n g  w i t h  t h e  s u b j e c t .  Among t h e  many c o n s t r a i n t s  which t e n d  t o  
p r e v e n t  a d o p t i o n  by f a r m e r s  of b e t t e r  on-farm i r r i g a t i o n  p r a c t i c e s ,  
two a r e :  f i r s t ,  t h a t  t h e r e  i s  no p r a c t i c a l  way f o r  c h a r g i n g  f o r  
w a t e r  v o l u m e t r i c a l l y  and second ,  t h a t  t h e  f a r m e r s  do n o t  have 
a p p r o p r i a t e  implements w i t h  which t o  c o n s t r u c t  b o r d e r s  and f u r r o w s  
making u s e  of  t h e  power a v a i l a b l e  t o  thcm, namely,  b u l l o c k s .  A k i n d  
of  'component r e s e a r c h 1  i s  needed t o  h e l p  s o l v e  t h i s  problem. 
EIoni t o r  i n 2  
2 4 )  h lon i to r ing  of  i n d i v i d u a l  i r r i g a t i o n  sys tems  i s  n o t  c a r r i e d  o u t  i n  
I n d i a  i n  an  e f f e c t i v e  manner. Although improved m e t h o d o l o g ~ e s  f o r  
m o n i t o r i n g  a r e  needed ,  pend ing  t h e i r  development t h e r e  a r e  sone  
obvious  m o n i t o r i n g  t o o l s  t h a t  cou ld  b e  p u t  i n t o  p r a c t i c e .  For  ex- 
ample,  i t  would b e  u s e f u l  t o  r e q u i r e  f o r  each i r r i g a t i o n  s y s t e n  t h e  
p u b l i c a t i o n  and p r i n t i n g  of a n  a n n u a l  r e p o r t  l i s t i n g  p r o d u c t i o n  and 
e q u i t y  t a r g e t s  and t h e  d e g r e e  t o  which such t a r g e t s  were  a c h i e v e d .  
Reasons cou ld  of c o u r s e  be g i v e n  a s  t o  why such  t a r g e t s  were n o t  
ach ieved  o r  were  over-achieved . 
r -- 
25) I n  a d d i t i o n  t o ,  i n d i v i d u a l  a n n u a l  r e p o r t s  f o r  i r r i g a t i o n  s y s t e m s ,  a  
surmary r e p o r t ,  p r o b a b l y  by S t a t e s ,  would b e  u s e f u l .  A p o s s i b l e  
model i s  t h a t  of  t h e  > f i n i s t r y  of  A g r i c u l t u r e  and \.Inter Resources  o f  
Eiexico which ~ r i n t s  s u c h  a  summary a n n u a l l y .  F o r  each  of t h e  ap- 
p r o x i m a t e l y  100 i r r i g a t i o n  d i s t r i c t s  i n  Mcxico, a 3-pagc sunnwry i s  
p r e s e n t e d  g i v i n g  t h e  c r o p p i n g  p a t t e r n ,  t h e  c rop  y i e l d s ,  t h e  r o t a 1  
p r o d u c t i o n  of  e a c h  c r o p  and t h c  w a t e r  c o n s u m p t i o ~ l  i n  c u b i c  m e t e r s .  
2 6 )  Rapid qpra i saZ :  From 1975 t o  1980 b u t  ma in ly  u n t i l  1978, a team 
s e t  up by t h e  C e n t r a l  Water Commission conducted a s e r i e s -  of r a p i d  
a p p r a i s a l s  of e x i s t i n g  p r o j e c t s  and i s s u c d  a  r e p d r t  'Recommendation 
of C e n t r a l  Team on N a t e r  U t i l i z a t i o n  on 24  E x i s t i n g  P r o j e c t s ' .  T h i s  
documerit c o n t a i n s  v e r y  s h o r t  summaries,  u s u a l l y  t h r e e  page l o n g ,  
d e s c r i b i n g  t h e  c o n s t r a i n t s  o n . t ) e  e f f e c t i v e  o p e r a t i o n  of  t h e  pro-  
j e c t  examined. The t i m e  s p e n t  bjl t h e  team on each  p r o j e c t  was a b o u t  
a  week. The S tudy  Team g o t  t h e  i m p r e s s i o n  t h a t  t h e  p r o c e d u r e  u s e d ,  
one of q u i c k  a p p r a i s a l ,  cou ld  b e  h i g h l y  e f f e c t i v e  b u t  i t  does  n o t  
seem t o  have been f o l l o w e d  up. P a r t  of  t h e  problem seems t o  be t h a t  
t h e  CVC r e p o r t  w a s  n o t  t aken  s e r i o u s l y  by t h e  i n d i v i d u a l  S t a t c  
I r r i g a t i o n  Depar tments .  
Manpower P l a n n i n g  
2 7 )  Pe~.so?zneZ policies: 1ndi.a'  s i r r i g a t i o n  e n g i n e e r s  ( t h e r e  a r e  70,000 
p r e s e n t l y  employed) have shown a  remarkab le  t a l e n t  and c a p a b i l i t y  
i n  h a r n e s s i n g  t h e  g i g a n t i c  r i v e r s  of t h e  c o u n t r y  by means of l a r g e  
and s m a l l  dams, headworks,  r e g u l a t o r s  and major  c a n a l  sys tems .  The 
same p r o f i c i e n c y  and d e d i c a t i o n  h a s  n o t  however been s11own a s  y e t  
i n  t h e  f i e l d  of  i r r i g a t i o n  w a t e r  management ( i n  o r d e r  t o  d e r i v e  
f u l l  b e n e f i t  from t h e  i r r i g a t i o n  p o t e n t i a l  c r e a t e d ) ,  a  s i t u a t i o n  
which i s  d u e ,  a t  l e a s t  i n  p a r t ,  t o  f a u l t y  p e r s o n n e l  p o l i c i e s .  
Promot ion i s  main ly  by s e n i o r i t y  and m o t i v a t i o n  f o r  h i g h  perform- 
ance  i s  g e n e r a l l y  l a c k i n g .  R o t a t i o n  o f  p e r s o n n e l  i s  o f t e n  v e r y  
f r e q u e n t .  
28) I r r i g a t i o n  e n g i n e e r s  g e n e r a l l y  p r e f e r  t o  engage i n  c o n s t r u c t i o n  
r a t h e r  than  o p e r a t i o n  and main tenance ;  t h a t  i s  why l e a d i n g  o f f i -  
c i a l s  have s u g ~ e s t e d  t h e  e s t a b l i s h m e n t  of a  s e p a r a t e  c a d r e  f o r  
o p e r a t i o n  and main tenance  and t o  adop t  r e g u l a t i o n s  whereby engin-  
e e r s  canno t  t r a n s f e r  from t h e  o p e r a t i o n  and main tenance  c a d r e  t o  
t h e  c o n s t r u c t i o n  c a d r e  ( s e e  Appendix 1 ) .  Pe rhaps  t h i s ' i d e a  w i l l  
have a  chance of s u c c e s s  s i n c e  i n  many S t a t e s  c o n s t r u c t i o n  w i l l  now 
have t o  s low down (owing t o  b u d g e t a r y  r e s t r i c t i o n s  and s i n c e  i n  
some S t a t e s  t h e r e  a r e  few i r r i g a b l e  zones l e f t )  s o  t h a t  t h e  h i g h e r  
y i e l d s  and d o u b l e  c r o p p i n g  must  n6w be r e a l i z e d  from e x i s t i n g  
i r r i g a t i o n  p r o j e c t s .  On t h e  o t h e r  hand,  s i n c e  t h e  c e n t r a l  govern- 
ment and many S t a t e s  s r i l l  p l a n  t o  proceed w i t h  c o n s t r u c t i o n  of new 
- sys tems on a  b i g  s c a l e  ( s e e  below under S t r a t e g y  of Development) ,  
t h e  chance o f . s u c c e s s  i n  s e t t i n g  up a  s e p a r a t e  c a d r e  f o r  o p e r a t i o n  
and main tenance  may n o t  b e  b r i g h t .  
29)  Training: As was i n d i c a t e d  i n  Appendix 1 ,  I t em B-3.1, a  l a c k  of 
f a c i l i t i e s  f o r  i n - s e r v i c e  t r a i n i n g  i n  w a t e r  management i s  w e l l  
unders tood  a t  a  h i g h  l e v e l  and s t e p s  a r e  underway f o r  c r e a t i o n  of 
a n  i n - s e r v i c e  t r a i n i n g  i n s t i t u t e  i n  w a t e r  management t o  b e  l o c a t e d  
a t  3 s i t e  s t i l l  t o  be  chosen  n o t  f a r  from Delh i .  T r a i n i n g  o f f e r e d  
w i l l  be  p r i m a r i l y  f o r  i n - s e r v i c e  e n g i n e e r s  a l t h o u g h  non-eng ineer ing  
s u b j e c t s  w i l l  be i n c l u d e d .  The i n s t i t u t e  w i l l  be sponsored  by t h e  
C e n t r a l  Water C o m ~ i s s i o n '  s 'Water blanagement Wing' whose name i s  
b e i n g  changed from 'Water Resea rch  Wing1. 
3 0 )  USAID i s  expec ted  t o  p a r t i c i p a t e  i n  a  s u b s t a n t i a l  way i n  t h e  f i -  
nanc ing  of t h e  new t r a i n i n g  i n s ' t i t u t e .  USAID i s  p r e s e n t l y  o r g a n i z -  
i n g  a  s t u d y  team t h a t  w i l l  examine the  q u e s t i o n  d u r i n g  a p e r i o d  of 
s e ~ r e r a l  months t o g e t h e r  w i t h  I n d i a n  o f f  i c i a l s  i n  o r d e r  t o  e s  t n b l i s h  
t h e  scope  and d u r a t i o n  of  t h e  t r a i n i n g  t o  be o f f e r e d  and t o  p r e p a r e  
p r e l i m i n a r y  d e s i g n s  and c o s t  e s r in i :~ tcs  of p l ~ y s i c n l  f a c i l i t i e s  ' 
needed.  Tlie p h y s i c a l  f a c i l i  t i c s  would be  l i m i t e d  t o  builcli-ngs s i n c e  
i t  i s  p lanned t o  u s e  a c t u a l  i r r i g a t i o n  p r o j e c t s  a s  t r a i n i n g  worlc- 
shops .  Tlie o r d e r  of  magni tude of  tile c o s t  env i saged  i s  $50 m i l l i o n  
o v e r  a Five-pear  p e r i o d  b e g i n n i n g  i n  1983. 
31) An obv ious  need t o  be f u l f i l l e d  by t h e  new t r a i n i n g  c e n t r e  w i l l  be  
t o  p r e p a r e  a  manual on on-farm w a t e r  management t h a t  h a s  t o  b e  i n  
n o n - t e c h n i c a l  language e a s i l y  u n d e r s t a n d a b l e  by f i e l d  s t a f f  many of 
whom w i l l  b e  d iploma h o l d e r s  r a t h e r  than  u n i v e r s i t y  g r a d u a t e s .  
3 2 )  Pending e s t a b l i s h m e n t  of  t h e  new t r a i n i n g  i n s t i t u t e ,  some e f f o r t s  
f o r  i n - s e r v i c e  t r a i n i n g  i n  w a t e r  management have p rocceded .  A t  
Aurangabad i n  ? I a h a r a s h t r a ,  a  Water and Land Iblanagement I n s t i t u t e  
h a s  been o p e r a t i n g  f o r  two y e a r s  w i t h  f i n a n c i a l  s u p p o r t  f rom t h e  
World Bank. Two t y p e s  o f  c o u r s e s  have been p r e s e n t e d :  long-term, 
10-12 months and s h o r t - t e r m ,  8 weelcs. F a c i l i t i e s  a r e  a v a i l a b l e  f o r  
60 long- term-course  and 120 shor t - t e rm-course  p a r t i c i p a n t s ,  a l l  of 
t h e  I r r i g a t i o n  Depar tment .  A m a t t e r  t o  c l e a r  up i s  whe the r  a g r i c u l -  
t u r e  e x t e n s i o n  p e r s o n n e l  of t h e  A g r i c u l t u r e  Department s h o u l d  
r e c e i v e  t r a i n i n g  i n  w a t e r  management a t  t h e  I n s t i t u t e .  
3 3 )  A t  u n i v e r s i t y  l e v e l ,  t h e  U n i v e r s i t y  of  Roorlcee h a s  long  been  a  
wor ld  l e a d e r  i n  t r a i n i n g  of  h y d r a u l i c  e n g i n e e r s  and now i s  g i v i n g  
more a t t e n t i o n  t o  m i c r o  h y d r a u l i c s  and t o  problems of  on-farm w a t e r  
management. The c u r r i c u l u m  i s  a l s o  b e i n g  widened t o  i n c l u d e  more 
c o u r s e s  on a g r i c u l t u r e ,  economics and s o c i o l o g y .  A g r i c u l t u r i s t s  
r a t h e r  t h a n  o n l y  e n g i n e e r s  w i l l  a l s o  b e  a d m i t t e d  t o  c o u r s e s  a t  
Roorkee a l t h o u g h  i t  i s  r e a l i z e d  t h a t  t h e  r e s p o n s e  from a g r i c u l t u -  
r i s t s  i s  l i k e l y  t o  b e  weak s i n c e  t r a i n i n g  i n  w a t e r  management i s  
t h u s  f a r  of  l i t t l e  v a l u e  i n  advancement of t h e i r  c a r e e r s .  The Uni- 
v e r s i t y  of Baroda i n  t h e  S t a t e  of  G u j a r a t  i s  a l s o  g i v i n g  a t t e n t i o n  
t o  development o f  a c u r r i c u l u m  i n  i r r i g a t i o n  w a t e r  management f o r  
which i t  has  a s s i s t a n c e  f rom USAID, 
3 4 )  S i n c e  p r o j e c t s  of  any k i n d ,  i n c l u d i n g  i r r i g a t i o n  p r o j e c t s ,  r e q u i r e  
e f f e c t i v e  l e a d e r s ~ ~ h o  can  i n  f a c t  come from a lmos t  any i r r i g a t i o n -  
r e l a t e d  d i s c i p l i n e  (economics ,  management and a g r i c u l t u r e  a s  w e l l  
a s  e n g i n e e r i n g )  though t  h a s  t o  be g i v e n  on how t o  e d u c a t e  and 
s t i m u l a t e  e f f e c t i v e  p r o j e c t  l e a d e r s .  P a r t  of t h o  r e a s o n  f o r  t h c  
s c a r c i t y  of such  l e a d e r s  can  b e  t r a c e d  t o  d e f e c t s  i n  t h e  u n i v e r s i t y  
t r a i n i n g  p r e s e n t l y  a v a i l a b l e  which i s  o f t e n  o v e r l y  f o c u s s e d  w i t h i n  
a  p a r t i c u l a r  d i s c i p l i n e .  F o r  example,  o u t s t a n d i n g  e n g i n e e r s  w i t h  
a m b i ~ i o n  t o  become managers s h o u l d  r e c e i v e  some t r a i n i n g  i n  s o n e  of 
t h e  r e l a t e d  d i s c i p l i n e s  such  a s  management, a d m i n i s t r a t i o n  and 
economics ,  and i n  t h e  h u m a n i t i e s  such a s  s o c i o l o g y .  
3 5 )  A f a i r l y  e f f c c t i v c  d e v i c e  t h a t  h a s  1)cen employed r e c e n t l y  w i t h  
Norld Ganlc a s s i s t a n c c ' h n s  been t o  send i r r i g a t i o n  e n g i n e e r s  on 
v i s i t s  t o  s e l e c t e d  i r r i g a t i o n  p r o j e c t s  i n  v a r i o u s  c o u n t r i e s  i n c l u d -  
i n g  t h c  P h i l i p p i n e s ,  Korea,  Florocco and Uni ted  S t a t e s .  E n g i n e e r s  
w i t h  whom t h e  S tudy  Team spolce s a i d  t h a t  t h e  t r i p s  were  v e r y  v a l u -  
a b l e  i n  b roaden ing  t h e i r  t h i n k i n g  r c g n r d i n g  a l t e r n a t i v e  ways of 
d e a l i n g  w i t h  w a t e r  management. S t i l l ,  what i s  r emsrkab le  i s  t h a t  
even t h e  vclrious npproaclles u t i l i z e d  w i  t l i in  I n d i a ,  wliicll a r c  of t c n  
q u i t e  d i f  f c r c n t ,  a r c  n o t  sh:lred artiong t l ~ c  i r r i g a t i o n  engineel -s  of 
t h e  r c s p c c t i v c  S t n t c s .  
3 6 )  Scrninars a r c  a soot1 :..cans of  cxcl~nny,ing in10rn t~ l t ion  .inti t h e s e  have 
been conducted w i t 1 1  good r c s u l t s  on m;lny o c c a s i o n s  i n  I n d i a  and  
nea rby  c o u n t r i e s .  'Yo b e  nios t vci luable ,  scmin3rs  !nus t bc  a d c q u a t e l y  
p r e p a r e d ,  a t a s k  t l l ~ t  s h o u l d  be c o o r d i n a t e d  and a r r a n g e d  by t h e  new 
i n - s e r v i c e  t r a i n i n g  i n s  t i  t u t e .  
37)  Another t a s k  f o r  t h e  i n s t i t u t e  shou ld  be  i s s u a n c e  of a  p u b l i c a t i o n  
on perhaps  a  q u a r t e r l y  b a s i s .  The p u b l i c a t i o n  shou ld  be  of h i g h  
s t a n d a r d  and s h o u l d  i n c l u d e  a  rev iew of c u r r e n t  l i t e r a t u r e  on 
i r r i g a t i o n  w a t e r  management. S i n c e  t h e  volume of such  l i t e r a t u r e  i s  
v e r y  g r e a t ,  t h e  rev iew shou ld  c o n c e n t r a t e  on 1 i . t e r a t u r e  judged t o  
be of e a r l y  p r a c t i c a l  a p p l i c a t i o n .  
Research Gaps and Research Coord ina t ion  
38) There  a r e  many on-going r e s e a r c h  e f f o r t s  i n  I n d i a  b u t  t h e s e  a r e  n o t  
be ing  e f f e c t i v e l y  p lanned  and c o o r d i n a t e d .  A r e c e n t  l i s t  of re -  
s e a r c h  needs  i n  i r r i g a t i o n  p r e p a r e d  j o i n t l y .  by t h e  Ford F o u n d a t i o n  
and t h e  IJorld Bank d e s c r i b e d  21 such i t ems  i n  f o u r  groups  (eng in-  
. e e r i n g ,  sys tem o p e r a t i o n ,  a d m i n i s t r a t i o n  and socio-economics) f o r  
which r e s e a r c h ,  i f  p r o p e r l y  planned and c o o r d i n a t e d ,  cou ld  b e  
c a r r i e d  o u t  by I n d i a n  u n i v e r s i t i e s  and by I n d i a n  i n s t i t u t e s  o f  
management o r  r e s e a r c h .  
39) I n  o r d e r  t o  p l a n  and c o o r d i n a t e  t h e  on-going and proposed r e s e a r c h  
e f f o r t s ,  t h e  c e n t r a l  government h a s  r e c e n t l y  s e t  up a  c o o r d i n a t i n g  
p a n e l  t o  be c h a i r e d  by t h e  Vice-Chancel lor  of t h e  U n i v e r s i t y  of 
Roorkee. Ilowever, i n  view of t h e  enormity  of t h e  t a s k ,  i t  i s  doubt-  
f u l  whether  a  c o o r d i n a t i n g  p a n e l  t h a t  meets  once i n  t h r e e  t o  si:.: 
months w i l l  be  e f f e c t i v e .  The a g e n c i e s  invo lved  i n c l u d e  t h e  I n d i a n  
Counci l  f o r  A g r i c u l t u r a l  Research ,  v a r i o u s  i n s t i t u t e s  (approximate-  
l y  35 i n  number) t h a t  conduct  c rop  r e s e a r c h  b u t  a l s o  d e a l  w i t h  
s o i l / w a t e r  a s p e c t s ,  t h e  N a t i o n a l  I n s t i t u t e  of Hydrology a t  Roorkee,  
t h e  Water Technology C e n t r e  a t  Pusa n e a r  De lh i  ( suppor ted  by t h e  
Ford Foundat ion)  , and o t h e r s .  I f  t h e  a d d i  t i o n n l  t a s k s  i n  r e s e a r c h  
proposed by t h e  Ford Pound3t ion and t h e  hlorld Iianlc a r e  t o  be ad- 
d r e s s e d ,  a  l a r g e  number of u n i v e r s i t i e s ,  t e c h n i c a l  i n s t i t u t e s  and 
management i n s t i t u t e s  w i l l  be  i n v o l v e d ,  making t h e  t a s k  of p l a n n i n g  
and c o o r d i n a t i o n  even more complex t h a n  i t  i s  a l r e a d y .  
40) Three  a d d i t i o n a l  r e s e a r c h  gaps  t h a t  came t o  t h e  a t t e n t i o n  of r h e  
Study Team i n c l u d e :  , 
- Development of a p p r o p r i a t e  fa rming  systcms i n c l u d i n g  c h o i c e  of 
optimran c ropp ing  p a t t e r n s .  Such r c s c n r c h  i s  nccdcd t o  c o v c r  b o t h  
t h e  s i t u a t i o n  under  e x i s t i n g  c o n d i t i o n s  (which t a k e  account  of 
c u r r e n t  d e f i c i e n c i e s  i n  t h e  w a t e r  d e l i v e r y  sys tem) and under  
improved c o n d i t i o n s  ( w i t h  some o r  a l l  ' the  d e f i c i e n c i e s  removed).  
The farming sys tems  need t o  b e  examined from t h e  f a r m e r ' s  p o i n t  
of v iew,  talce i n t o  account  h i s  c a p a b i l i t y ,  t o  overcome t h e  p h y s i -  
c a l  and o t h e r  c o n s t r a i n t s .  
- Developnlent of an  a p p r o p r i a t e  c ropp ing  systcln f o r  blaclc c o t t o n  
s o i l s  of wliich t l i e re  i s  a  v e r y  l n r g c  t o t a l  a r c 3  i n  I n d i a .  EIa~iy of 
t h e s e  blaclc c o t t o n  s o i l s  a r e  i n  zoncs o f  r c l a t i v c l y  h igh  monsoon 
r a i n f a l l  wllicll malx then1 cliff  i c u l t  t o  c u l t i v a t e  wlien wet ( t h e y  
a r c  thcn  h i g h l y  p l a s t i c )  o r  when d r y  ( they  a r e  tllen v e r y  harcl) .  
I n  many p a r t s  of I n d i a ,  t h e  blnclc c o t t o n  s o i l s  a r e  n o t  c u l t i v a t e d  
a t  a l l  d u r i n g  k h a r i f .  
- Devclop~nent of impleqlents t o  e n a b l ~  t h e  fa rmer  t o  form b o r d e r s  
and fu r rows  u s i n g  bul loclcs ;  s e e  p a r a g r a p h  15. 
I r r i g a t i o n  Development S t r a t e g y  
41) The y e a r  2000 t a r g e t  ment ioned by many I n d i a n  o f f i c i a l s  i s  t o  r e a c h  
a n  i r r i g a t e d  a r e a  of  113 m i l l i o n  h a  which compares w i t h  t h e  p r e s -  
e n t l y  i r r i g a t e d  (commanded) a r e a  of 60 m i l l i o n  ha.  During t h e  s i x -  
y e a r  p l a n  p e r i o d  1980-1985 i t  i s  proposed t o  spend $15,000 m i l l i o n  
on i r r i g a t i o n  of  which o n l y  10% would be  devo ted  t o  m o d e r n i z a t i o n  
( i n  a n  a r e a  of 14 m i l l i o n  h a ) .  Achieving such a  t a r g e t  would r e -  
q u i r e  an  a n n u a l  r a t e  o f  e x p a n s i o n  some 50% g r e a t e r  than  t h a t  
ach ieved  i n  r e c e n t  y e a r s  ( abou t  2  m i l l i o n  ha  a n n u a l l y ) ,  crhich 
i t s e l f  i s  more t h a n  d o u b l e  t h e  r a t e  ach ieved  a t  any t ime u n t i l  
1974. Moreover,  i n  v iew of  b u d g e t a r y  and man-power k o n s t r a i n t s ,  t h e  
wisdom o f  d e v o t i n g  90% t o  new p r o j e c t s  and on ly  10% t o  m o d e r n i z a t i o n  
i s  open t o  q u e s t i o n .  
42) The s t r a t e g y  f o r  i r r i g a t i o n  development i s  of c o u r s e  a  s u b j e c t  f o r  
t h e  c e n t r a l  g o v e r n ~ e n t  M i n i s t r y  of P l a n n i n g .  There  shou ld  however 
be  i n  p l a c e  \:!:at n i g h t  b e  c a l l e d  a  ' l ong- range  c o n c e p t u a l  u n i t '  
whose p r imary  o b j e c t i v e s  would be  t o  d e f i n e  f u t u r e  i r r i g a t i o n  
performance c r i t e r i a  i n  terms of expec ted  nceds ,  t o  a n a l y z e  a l t e r -  
n a t i v e s  and r e q u i r e m e n t s  f o r  mee t ing  t h e s e  performance c r i t e r i a ,  
and t o  d e ~ e r n i n e  ha rdware ,  s o f t w a r e  and t r a i n i n g  i m p l i c a t i o n s  of 
v a r i o u s  a l t e r n a t i v e s .  
Need f o r  a  N a t i o n a l  I n s t i t u t e .  f o r  I r r i . ~ a t i o n  Planaeernent 
43) The p l a n n i n g ,  ' d e s i g n ,  c o n s t r u c t i o n  and implenienta t ion of i r r i g a t i o n  
p r o j e c t s  i n  I n d i a  a r e  m a t t e r s  d e a l t  w i t h  by t h e  s e p a r a t e  S t a t e s  
w i t h  l i m i t e d  g u i d a n c e  from t h e  c e n t r a l  government,  mainly  through 
t h e  C e n t r a l  I i a t e r  Commission (CIJC) . From t h e  f o r e g o i n g  p a r a g r a p h s ,  
i t  can b e  s e e n  t h a t  t h e r e  a r e  moreover a t  l e a s t  n i n e  major  a r e a s  of 
i r r i g a t i o n  management t h a t  a r e  c u r r e n t l y  n o t  r e c e i v i n g  a d e q u a t e  
a t t e n t i o n  a t  t h e  n a t i o n a l  l e v e l ,  a s  f o l l o w s :  
S t a n d a r d s  f o r  f e a s i b i l i t y  s t u d i e s  l e a d i n g  t o  improved p r o j e c t  
p l a n n i n g  ( p a r a s  13- 18) ; 
FIoni tor ing ( p a r a s  24 and 25) ; 
I n s  t i  t u t i o n a l  p o l i c i 6 s  ( p a r a s  10 and 20) ; 
Rapid a p p r a i s a l  of  on-going p r o j e c t s  ( p a r a  2G); 
P c r s o n n c l  p o l i c i e s  ( p a r a s  27 and 2 8 ) ;  
T r a i n i n g  ( p a r a s  29-35) ; 
I n f o r m a t i o n  exchange ( p a r a s  36 and 3 7 ) ;  
Research c o o r d i n a t i o n  ( p a r a s  35-40);  and 
Macro p l a n n i n g  ( p a r a s  41 and 4 2 ) .  
44) I n  c o n v e r s a t i o n s  t h a t  t h e  Study Team had w i t h  l e a d i n g  o f f i c i a l s  i t  
was i n d i c a t e d  t h a t ,  a l t l lough  t h e  C e n t r a l  Water Conunission (CWC) 
~~ou!.tl seem t o  be  the s u i t a b l e  body w h i c l ~  cou ld  be  adapted t o  t a k e  
on tlle tas!;s r e q u i r e d ,  a s  p r e s e n t l y  cons  t i t u t c d  CIJC has i n s u f  f i- 
c i e n t  p a r t i c i p a t i o n  f  roiii p e r t i n e n t  d i s c i p l i n e s  o t h e r  than c i i ~ i n e e r -  
i n g ,  i. c .  , economics ,  a g r i c u l t u r e  and sociol .ogy and t h a t  CIJ'C i s  
f u l l y  occup ied  w i t h  day-to-day t a s k s  of  r e v i t w i n g  and v e t t i n g  
main ly  s t r u c t u r e  d e s i g n s  p r e p a r e d  by t h e  S t a t c  I r r i g a t i o n  Depar t -  
men ts .  
I n t e r n a t i o n a l  Suppor t  
4 5 )  The o f f i c i a l s  w i t : i  whom t h e  Study Team spoke i n d i c a t e d  a s t r o n g  
d e s i r e  f o r  i n t e r n a t i o n a l  s u p p o r t ,  p o s s i b l y  through a  n a t i o n a l  
i n s  t i  t u t e ,  y e t  t o  be c l e a r l y  f o r ~ n u l a t e d .  The s u p p o r t  needed would 
b e  through ' a c t i o n  r e s e a r c h '  ( s e e  main t e x t )  and through a d v i c e  and 
a s s i s t a n c e  t o  t h e  n a t i o n a l  i n s t i t u t e  a s  p rov ided  by h i g h - l e v e l  
e x p e r t s  i n  t h e  v a r i o u s  p h a s e s  of i r r i g a t i o n  management d e s c r i b e d  
above.  
Background 
4 6 )  Because of low r a i n f a l l  and h i g h  t e m p e r a t u r e ,  i r r i g a t i o n  i n  P a k i s t a n  
i s  r e q u i r e d  f o r  n o s t  a g r i c u l t u r a l  p r o d u c t i o n .  Of t h e  c ropped  a r e a  of  
20 m i l l i o n  h a ,  702 o r  14 m i l l i o n  h a  a r e  i r r i g a t e d ,  a c c o u n t i n g  f o r  
90% of a g r i c u l t u r a l  p r o d u c t i o n .  The Indus  i r r i g a t i o n  s y s t e m ,  t h e  
l a r g e s t  i n  t h e  world  w i t h  a  c u l t u r a b l e  command a r e a  of 12 m i l l i o n  
h a ,  makes up  a b o a t  85% of t h e  i r r i g a t e d  a r e a  of P a k i s t a n .  
A thumbnail  s k e t c h  of t h e  Indus  sys tem a s  g iven  by a n  o i f i c i a l  of 
t h e  > l i n i s t r y  of I ? g r i c u l t u r e  i s  a s  f o l l o r . 7 ~ :  There  a r e  t h r e e  major  
s t o r z g c  r e s e r v o i r s ,  19 b a r r a g e s  and headworks,  43 c a n a l  c o ~ m a n d s  
and 89,000 p r o j e c t ,  o u t l e t s  s u p p l y i n g  farm w a t e r c o u r s e s  hav ing  a  
t o t 3 1  l e n g t h  of 4S5,000 km. T h i s  v a s t  sys tem was s t a r t e d  i n  1854. 
No d r a i n a g e  s y s t e n  was p r o v i d e d  a t  t h a t  t ime s i n c e  t h e  w a t e r t a b l e  
was 100 f e e t  be lo:..^ t h e  ground s u r f a c e .  Today t h e  w a t e r t a b l e  h a s  
r i s e n  t o  w i t h i n  10 f e e t  of t h e  s u r f a c e  i n  7 .5  m i l l i o n  h a  and w i t h i n  
5 f e e t  of t h e  s u r f a c e  i n  2 .5  n i l l i o n  ha  of which 1 /3  i s  s a l i n e .  
During t h e  p r e v i o u s  s e v e r a l  d e c a d e s ,  200,000 t u b e w e l l s  have  been 
i n s t a l l e d  of which 1S0,000 a r e  p r i v a t e  w i t h  a  c a p a c i t y  of abou t  1 
cusec .  The r e m a i n i n g  w e l l s  a r e  p u b l i c  w i t h  a  c a p a c i t y  of 3 c u s e c s .  
The e f f i c i e n c y  of t h e  c a n a l  sys tem i s  low - abou t  30% o v e r a l l ,  n o t  
c o n s i d e r i n g  r e c o v e r y  of  w a t e r  by 1~el1 .s .  Losses  a r e  abou t  255; i n  t h e  
main c a n a l  sys tem,  35% i n  w a t e r c o u r s e s ,  and 10% on-farm. (The 
f o r e g o i n g  s k e t c h  does  ' n o t  a g r e e  i n  a l l  p a r t i c u l a r s  bli th o t h e r  
a c c o u n t s  e s p e c i a l l y  i n  r e g a r d  t o  l o s s e s ,  a s  d e s c r i b e d  f u r t h e r  
below. ) 
4 3 )  An i m p o r t a n t  c o n s t r a i n t  on t h e  sys tem i s  l i m i t e d  c a n a l  c a p a c i t y ,  
whicli a lmost  u n i f o r m l y  a n o u n t s  t o  3-6 c u s e c  p e r  1000 a c r e s  + 20% a s  
- 
c o ~ n p ~ ~ r e d  w i t 1 1  a  u s u a l  d e s i g n  r a t e  o u t s i d e  t h e  subcontinent of 1 
l i t r e / s e c / h a  1:hicti i s  e q u i v a l e n t  Lo 14 cusecs  p e r  1000 a c r e s .  The 
p r e s e n t  mode of o p e r a t i o n  of t h e  c a n a l  sys tems i s  n o t  conduc ive  t o  
c o n s e r v a t i o n  o f  wclter. The c a n a l s  a r c  g e n e r a l l y  run  a t  L l l l l  capnc- 
i t y  d u r i n g  s i x  montlis of t h e  summer p e r i o d  and f o r  20 days  a moiltli 
d u r i n g  f i v e  months o f  w i n t e r  p c r i o d  w i t 1 1  one month a l lowed  f o r  
s h u t d o i ~ n  f o r  R ~ , l i n ~ e n 3 n c e .  Tl lc  c a n a l s  a r e  o c c a s i o n a l  l y  r u n  a t  l e s s  
t h a n  f u l l  c n p ~ c i t ; :  b u ~  never  a t  l e s s  tllan 752 c a p a c i t y  t h e r e  i s  
f e a r  t h a t  they  wolild s i l t  up i f  t h e  d i s c h a r g e  v e r c  mndc lower  t h a n  
t h i s  r a t e .  Thc s i l t  c o n t e n t  i s  measured p e r i o d i c a l l y  a t  t h e  ba r -  
r a g e s  t o  govern  o i ~ e r a t i o n .  L i n i n g  t h c  c a n a l s  ro  i n c r e a s e  t h e i r  
c a p a c i t y  would be d i f f i c u l ~  as t h e  supply  would have t o  bc  i n t e r -  
r r ~ p  t c d .  
49) D e s p i t e  t h e  comple t ion  of two major  s t o r a g e  dams (Mangla and 
T a r b e l a ) ,  t h e  Indus  sys tem s t i l l  l a c k s  adequa te  r e s e r v o i r  c a p a c i t y  
t o  e n a b l e  f u l l  u s e  of t h e  f l o w  of t h e  Indus  r i v e r  b a s i n  s o  t h a t  a  
c o n s i d e r a b l e  p o r t i o n  s t i l l  goes  t o  t h e  s e a .  Of t h e  t o t a l  f l o w  of  
152 m i l l i o n  a c r e - f e e t ,  t h e  f low t o  t h e  s e a  i s  39 m i l l i o n  a c r e - f e e t .  
A n  o p t i m i z a t i o n  model which cou ld  b e  used t o  a s s i s t  i n  o p e r a t i n g  
t h e  sys tem h a s  been under  development f o r  some y e a r s  w i t h  t h e  
a s s i s t a n c e  of t h e  World Bank b u t  h a s  n o t  y e t  r e s u l t e d  i n  a  p r a c -  
t i c a b l e  o p e r a t i n g  t o o l .  
50) VaterZogging cmd salinity c o n t i n u e  t o  be  s e r i o u s  problems i n  t h e  
Indus  v a l l e y .  C u r r e n t  i n £  d rmat ion  i s  however somewhat c o n f l i c t i n g .  
According t o  one v e r s i o n ,  t h e  wa te r logged  a r e a  (dep th  t o  w a t e r t a b l e  
3  m o r  l e s s )  amounts t o  7  m i l l i o n  h a ,  3.8 m i l l i o n  i n  Pun jab  and 3 . 2  
m i l l i o n  i n  Sind.  With r e s p e c t  t o  s a l t - a f f e c t e d  a r e a ,  a c c o r d i n g  t o  
t h e  same o r i g i n ,  t h e r e  a r e  8.8 m i l l i o n  ha  a f f e c t e d  of which 5.1 
m i l l i o n  i n  S ind  and 3 .7  m i l l i o n  i n  Punjab.  A second v e r s i o n ,  based  
on a s o i l - s a l i n i t y  su rvey  u n d e r t a k e n  i n  t h e  l a t e  1970s c o v e r i n g  a n  
a r e a  of 9 m i l l i o n  h a ,  found s u b s t a n t i a l  improvement i n  s u r f a c e  and 
p r o f i l e  s a l i n i t y  a s  compared t o  i n f o r m a t i o n  from a  s i m i l a r  s u r v e y  
made i n  t h e  e a r l y  1960s. Much of t h i s  improvement was a t t r i b u t e d  t o  
t h e  l e a c h i n g  e f f e c t  of a d d i t i o n a l  w a t e r  supp ly  from s u r f a c e  and 
groundwater  d e l i v e r e d  t o  t h e  i r r i g g t e d  a r e a s .  The l a t e  1970s s u r v e y  
de te rmined  t h a t  a b o u t  60% of t h e  s o i l s  were s a l t  f r e e ,  9% s a l i n e ,  
4% s o d i c  and 26% s a l i n e  s o d i c .  Assuming by e x t r a p o l a t i o n  t h a t ,  of  
t h e  1 4  m i l l i o n  ha  i r r i g a t e d  a r e a  40% i s  s a l t - a f f e c t e d ,  ~ ~ o u l d  g i v e  a  
f i g u r e  of 5 . 6  m i l l i o n  ha  r a t h e r  t h a n  8.8 m i l l i o n  ha  ( a c c o r d i n g , t o  
t h e  f i r s t  v e r s i o n ) .  
51) The SCARPs: During t h e  G O s  and t h e  70s t h e  s o - c a l l e d  SCARP ( S a l i n -  
i t y  C o n t r o l  and Reclamat ion P r o j e c t )  p r o j e c t s  were  u n d e r t a k e n  w i t h  
t h e  b a s i c  concep t  b e i n g  t o  i n s t a l l  l a r g e  p u b l i c  t u b e w e l l s  t o  lower  
t h e  w a t e r t a b l e  t o  r e d u c e  w a t e r l o g g i n g  and a t  t h e  same t ime  deve lop  
a d d i t i o n a l  w a t e r  supp ly  f o r  i r r i g a t i o n .  Covering a  t o t a l  of 7.G 
m i l l i o n  a c r e a s  i n  a r e a s  v a r y i n g  i n  s i z e  from 30,000 a c r e s  t o  1 .8  
m i l l i o n  a c r e s ,  t h e r e  a r e  14 SCARPs i n  f r e s h  groundwater  a r e a s  
i n v o l v i n g  12,875 w e l l s  w i t h  a  t o t a l  c a p a c i t y  of 35,270 c u s e c s .  I n  
s a l i n e  groundwater  a r b a s  t h e r e  a r e  6  a d d i t i o n a l  SCARPs c o v e r i n g  1 .9  
m i l l i o n  a c r e a s  i n v o l v i n g  2,016 w e l l s  w i t h  a  t o t a l  c a p a c i t y  of 3 , 5 9 8  
c u s e c s ;  i n  t h e s e  c a s e s ,  t h e  pumped w a t e r  h a s  l i m i t e d  use  f o r  i rr i-  
g a t i o n .  The SCARPs were des igned  and c o n s t r u c t e d  by t h e  \ . la ter  and 
Power Development A u t h o r i t y  (IJAPDA) and a r e  g r a d u a l l y  b e i n g  t u r n e d  
o v e r  t o  t h e  I r r i g a t i o n  Eepar tment  f o r  o p e r a t i o n  and main tenance .  
52) There  a r c  p r e s e n t l y  178,000 t u b c w e l l s  i n  o p e r a t i o n  i n  t h e  I n d u s  
v a l l e y  of whicli 167,000 a r e  p r i v a t e .  The prime movers a r e  p r i m a r i l y  
d i e s e l  (107 ,000) ,  t h e  remainder  b e i n g  e l e c t r i c  d r i v e n .  P u b l i c  tube- 
w e l l s  a r e  g e n e r a l l y  of h i g h  c a p a c i t y ,  1 .5  c u s e c  o r  more. Conccrn 
was e x p r e s s e d  t o  t h e  Study Team r e g a r d i n g  t h e  laclc of c o n t r o l  of 
t h e  p r i v a t e  w e l l s  and t h e  team h e a r d  on s e v e r a l  o c c a s i o n s  t h a t  many 
p r i v a t e  w e l l s  have r u n  d r y .  
53) A d r a f t  r e p o r t  'Rev i sed  Ac t ion  Program (RAP) f o r  I r r i g a t e d  A g r i c u l -  
t u r e ' ,  May 1979,  p r e p a r e d  by t h e  P e r s p e c t i v e  P l a n n i n g  D i v i s i o n  of  
WAPDA w i t h  f i n a n c i n g  by UNDP and w i t h  t h e  World Bank as t h e  Execut-  
i n g  Agency, h a s  p o i n t e d  o u t  t h a t  t h e  p u b l i c  t u b e w e l l s  i n  t h e  SCARPS 
a r e  d e t e r i o r a t i n g  and t h a t  a d e q u a t e  o p e r a t i o n  and main tenance  would 
b e  e a s i e r  t o  a c h i e v e  i f  t h e  number of s m a l l e r ,  p r i v a t e  w e l l s  were  
expanded s o  a s  t o  g r a d u a l l y  r e p l a c e  t h e  p u b l i c  t u b e w e l l s .  The 
needed i n s t i t u t i o n a l  a r rangements  have  y e t  t o  b e  worked o u t  i n c l u d -  
i n g  p r o v i s i o n s  f o r  m o n i t o r i n g  groundwater  movements s o  t h a t  t h e  
p r i v a t e  w e l l s  can  b e  a d e q u a t e l y  s u p p l i e d  and s o  t h a t  w a t e r l o g g i n g  
and s a l i n i t y  e f f e c t s  a r e  m i t i g a t e d .  
54>  On-farm watercozcrses: Chaks a r e  subcommands below p r o j e c t  o u t l e t s  
of  which t h e r e  a r e  89,000 a s  p r e v i o u s l y  mentioned. The chaks  v a r y  
i n  s i z e  from 200 t o  700 a c r e s  ( a v e r a g e  a b o u t  450 a c r e s )  e a c h  cover-  
i n g '  abou t  20 t o  50 fa rms .  Flow t o  a chnlc f i r s t  p a s s e s  th rough  a  
'mogha' which i s  a  c o n t r a c t i o n  i n  t h e  p r o j e c t  o u t l e t  d e s i g n e d  t o  
p a s s  a n  a p p r o x i m a t e l y  c o n s t a n t  p r o p o r t i o n  of t h e  f low i n  t h e  p a r e n t  
c a n a l s .  Downstream of  t h e  mogha, t h e r e  i s  a  communal w a t e r c o u r s e  
whose c a p a c i t y  i s  o r d i n a r i l y  between 1 t o  3 c u s e c s .  The d i s t r i b u -  
t i o n  of w a t e r  w i t h i n  a  chak i s  by a  t i m e - r o t a t i o n  p r o c e d u r e  c a l l e d  
' w a r a b a n d i ' ,  w i t h  each  fa rmer  h o l d i n g  a  s p e c i f i c  t ime p e r i o d  i n  
p r o p o r t i o n  t o  t h e  s i z e  of h i s  h o l d i n g .  Flow i s  d i v e r t e d  t o  v a r i o u s  
b ranches  of t h e  w a t e r c o u r s e  by c o n s t r u c t i n g  s m a l l  e a r t h  darns a t  
j u n c t i o n s ,  and t o  farms by c u t t i n g  t h e  b a d i s  of a  w a t e r c o u r s e .  The 
b o u n d a r i e s  of  t h e  chaks  and t h e  a l i g n m e n t s  of t h e  communal wa te r -  
c o u r s e  a r e  e s t a b l i s h e d  by t h e  P r o v i n c i a l  Departments of I r r i g a t i o n  
which a l s o  e s t a b l i s h  t h e  o f f i c i a l  waraband i  schedules . 
55) The c o n s t r u c t i o n ,  o p e r a t i o n  and main tenance  of  t h e  c o m u n a l  w a t e r -  
c o u r s e  and o t h e r  c l iannels  i n  t h e  chak a r e  t h e  r e s p o n s i b i l i t y  of t h e  
f a r m e r s .  Because o f  poor  f a rmer  c o o p e r a t i o n  and i n a d e q u a t e  t e c h n i -  
c a l  a s s i s t a n c e ,  many w a t e r c o u r s e s  have d e t e r i o r a t e d  r e s u l t i n g  i n  
e x c e s s i v e  d e l i v e r y  l o s s e s .  A s  a  r e s u l t ,  f a r m e r s  i n  t h e  mid and t a i l  
r e a c h e s  c o n s i d e r a b l y  l e s s  w a t e r  t h a n  t h e i r  p lanned  s h a r e .  
56) I n  1973,  WAPDrl  u n d e r t p o k  a  w a t e r  management r e s e a r c h  p r o j e c t  a t  t h e  
Mona Rec lamat ion  Exper iment  S t a t i o n .  The p r o j  e c  t was funded by 
USAID w i t h  e x p a t r i a t e  r e s e a r c h  s t a f f  p r o v i d e d  by Colorado S t a t e  
U n i v e r s i t y  and o t h e r s .  F u r t h e r  s t u d i e s  were  c a r r i e d  o u t  d u r i n g  
p r e p a r a t i o n  of  t h e  Rev i sed  A c t i o n  Program ( U P )  mentioned above.  
The Mona and t h e  P\hP s t u d i e s  r i k h  some i m p o r t a n t  c o n c l u s i o n s  w i t h  
r e s p e c t  t o  w a t e r  l o s s e s  i n  t h e  on-farm sys tem a s  f o l l o w s :  
a )  abou t  402 of t h e  w a t e r  e n t e r i n g  t h e  w a t e r c o u r s e s  i s  l o s t  b e f o r e  
r e a c h i n g  t h e  f i e l d ;  
b) t h e  l o s s  was found t o  b e  37% i n  S ind  P r o v i n c e  and 512 i n  Pun jab  
p r o v i ~ l c e  \.?it11 l i t t l e  v a r i a t i o n  b e t ~ . ~ e e n  t h e  k h a r i f  and r a b i  
s e a s  on. 
Based on 1973-1974 i r r i g a t i a n  d e l i v e r i e s ,  40 m i l l i o n  a c r e - f e e t  r:orc 
w a t e r  w i l l  b e  r e q u i r e d  f o r  d e l i v e r v  a t  the  mngl~a t o  meet tlic c rop  
w a t e r  r e q u i r e m e n t  t h a n  i f  e f f i c i e n c i e s  were i n c r e a s e d  t o  G7X,  which 
cou ld  be  a t t a i n e d  th rough  w a t e r c o u r s e  improvement . It ~ 3 s  concluded 
a s  p a r t  of t h e  RAP s t u d y  t h a t  t h e  c o s t  p e r  a c r e - f o o t  of w a t e r  saved  
th rough  w a t e r c o u r s e  improvement i s  o n l y  n f o u r t h  t h e  c o s t  of  de- 
v e l o p i n g  new w a t e r  s u p p l i e s .  
57) F i e l d  a p p l i c a t i o n  w a t e r  e f f i c i e n c y  i s  low c a u s i n g  e x c e s s  perco-  - 
l a t i o n  and s u r f a c e - d r a i n a g e  l o s s e s .  The mean l o s s  a s  e s t i m a t e d  from 
a  1978 survey  was 56%, 41% and 43%, r e s p e c t i v e l y ,  i n  a r e a s  s e r v e d  
by p u b l i c  t u b e w e l l s ,  by p r i v a t e  t u b e w e l l s  and from c a n a l  sys tems  
( s e e  'On-Farm Water Management P r o j e c t ' ,  Water llanagement Wing, 
M i n i s t r y  o f  Food, A g r i c u l t u r e  & C o o p e r a t i v e s ;  I s l amabad ,  September 
1981). The low f i e l d  a p p l i c a t i o n  e f f i c i e n c y  i s  a s c r i b e d  t o  un- 
l e v e l l e d  f i e l d s ,  l a c k  of p r o p e r l y  formed fu r rows  and b o r d e r s ,  and 
c o n s t a n t  r a t e  of s u p p l y  of c a n a l  w a t e r  i r r e s p e c t i v e  of c rop  w a t e r  
demand. 
58) Future potential: With t h e  l a r g e  i r r i g a t i o n  sys tem,  f a v o u r a b l e  
c l i m a t e  f o r  year-round c ropp ing  and g e n e r a l l y  good s o i l s ,  c rop  
y i e l d s  shou ld  b e  q u i t e  h i g h  i n  P a k i s t a n .  However, t h e  p r e v a i l i n g  
c o n s t r a i n t s  c a u s e  c r o p  y i e l d s  t o  b e  f a r  below t h e i r  p o t e n t i a l s :  
wheat y i e l d s  a r e  1 .2  tons  p e r  h a ,  r i c e  1.5, c o t t o n  0 . 3  and sugar -  
cane 40. S u b s t a n t i a l l y  i n c r e a s e d  y i e l d s  a s  w e l l  a s  more d o u b l e  
c ropp ing  a r e  a t t a i n a b l e  th rough  improved e x t e n s i o n  s e r v i c e s  and 
i n p u t s  of s e e d s ,  f e r t i l i z e r s ,  and p e s t i c i d e s ;  however, a d e q u a t e  
w a t e r  management i s  a  p r e r e q u i s i t e .  
59) ~ a k i s t a n ' s  F i f t h  F ive-year  P l a n  (1978-1983) c a l l s  f o r  a  6% a n n u a l  
r a t e  of growth.  Water s u p p l i e s  a r e . t o  be i n c r e a s e d  by I 1  m i l l i o n  
a c r e - f e e t  o r  2.4% p e r  y e a r  l e a d i n g  t o  a n  e s t i m a t e d  4 . 8  m i l l i o n  a c r e  
i n c r e a s e  i n  t h e  cropped a r e a ;  a  ' s u b s t a n t i a l  b e g i n n i n g t . i s  t o  b e  
, - made t o  improve w a t e r  management i n  t h e  Indus  sys tem a s  w e l l  a s  on 
t h e  farms;  t h e  f l o o d  p r o t e c t i o n  program i s  t o  b e  completed;  s p e c i a l  
a t t e n t i o n  i s  t d  be g i v e n  t o  t h e  expansion of i r r i g a t i o n  by f r a c -  
t i o n a l  t u b e w e l l s .  The a g r i c u l t u r a l  s e c t o r  i s  schedu led  t o  r e c e i v e  
$642 m i l l i o n  a n n u a l l y  (abou t  22% of t h e  planned t o t a l )  of which 
$342 m i l l i o n  i s  f o r  t h e  w a t e r  s u b s e c t o r .  The w a t e r  s u b s e c t o r  
a l l o c a t i o n  f o r  t h e  F i f t h  Five-year  P l a n  i s  as f o l l o w s :  
A l l o c a t i o n  i n  
m i l l i o n  d o l l a r s  2 
WMDA 
Drainage r e c l a m a t i o n  
I r r i g a t i o n  
R e s e r v o i r s  
Research d 
F e d e r a l  Flood Commission 
T a r b e l a ,  Indus  Bas in  P l a n  (IBP) 
Other  F e d e r a l  Agencies  
P r o v i n c i a l  I r r i g a t i o n  Depts.  
With r e f e r e n c e  t o  t h e  above t a b u l a t i o n ,  a c t u a l  e x p e n d i t u r e s  f o r  
T a r b e l a / I ~ P  d u r i n g  f i s c a l  y e a r s  1978-1979 and 1979-1960 g e n e r a l l y  
e q u a l l e d  t h a t  a l l o c a t e d  f o r  t h e  e n t i r e  p l a n  p e r i o d  and i t  would 
appear  t h a t  e s p c n d i t u r e s  f o r  T a r b e l a  & IEP w i l l  b c  roughly  double  
t h a t  env i saged  f o r  t h e  p l a n  p e r i o d  which would mean s h a r p  c u r t a i l -  
ment of p u b l i c  expendi  t w e  f o r  n o n - ~ a r b e l a / 1 l 3 ~  w a t e r  s e c t o r  pro- 
j e c t s  and programs. As a r e s u l t ,  government o f f i c i a l s  a r e  i n d i c a t -  
i n g  g r e a t e r  f a v o u r  f o r  ncw schemes t h a t  have 101.1 inves tment  c o s t  
~ j e r  a c r e  and bcnef i t  many peop le .  The f i n a n c i a l  s i t u a t i o n  t h u s  
f u r t h e r  emphasizes t h e  necd f o r  e f f e c t i v e  i r r i g a t i o n  w a t e r  man- 
agcmen t . 
Needed Improvements i n  Main System O p e r a t i o n  
60) Within  t h e  c o n s t r a i n t s  of t h e  . sys tem a s  now d e s i g n e d  and under t h e  
o p e r a t i n g  s y s t e m  u s i n g  waraband i ,  t h e  sys tem secms t o  be  d e l i v e r i n g  
w a t e r  i n  a n  e q u i t a b l e  b a s i s  ( t o  f a r m e r s  i n  p r o p o r t i o n  t o  t h e i r  
a r e a )  even though t h e  w a t e r  s o  d e l i v e r e d  i s  l e s s  t h a n  what would b e  
r e q u i r e d  i f  t h e  f a r m e r s  c u l t i v a t e d  t h e i r  e n t i r e  h o l d i n g s  and i f  
they doub le  cropped.  I n  a r e a s  w i t h  f a v o u r a b l e  groundwater  condi-  
t i o n s ,  t h e  i n a d e q u a t e  w a t e r  q u a n t i t y  d e l i v e r e d  by t h e  c a n a l  sys tem 
i s  be ing  made up by pumping from w e l l s .  
61)  F u r t h e r  major  e f f o r t s ' t o  i n c r e a s e  t h e  t o t a l  w a t e r  a v a i l a b l e  by 
making u s e  of  t h e  f l o w  s t i l l  g o i n g  t o  s e a  (39 m i l l i o n  a c r e - f e e t ) ,  
w i l l  r e q u i r e  major  e x p e n d i t u r e s  a s  d i s c u s s e d  above.  T h e r e  would 
seem n e v e r t h e l e s s  t o  b e  trays t o  i n c r e a s e  w a t e r  a v a i l a b i l i t y  w i t h o u t  
major e x p e n d i t u r e  s i n c e  t h e  p r e s e n t  w a t e r  c a n a l  s y s t e m ,  a l t h o u g h  
o p e r a t e d  i n  a n  e q u i t a b l e  manner,  may n o t  b e  o p e r a t e d  i n  a n  e f f i -  
c i e n t  manner. One way t o  improve e f f i c i e n c y ,  might  b e  t o  v a r y  t h e  
f lows  i n  t h e  c a n a l s  s i n c e  a t  t h e  p r e s e n t  t ime they  a r e  o p e r a t e d  
on ly  a t  f u l l  c a p a c i t y  o r  n o t  a t  a l l .  To o p e r a t e  a t  p a r t  c a p a c i t y  
.c~ill r e q u i r e  more c r o s s - r e g u l a t o r s  i n  t h e  sys tem,  a  s u b j e c t  t h a t  
would need d e t a i l e d  s t u d y  and d e s i g n ,  w i t h  s u b d i v i s i o n  of t h e  
sys tem i n t o  command a r e a s  ( s e e  d i c u s s i o n  below).  Such s t u d i e s  a r e  
i n c l u d e d  i n  a p r o j e c t  now proposed  f o r  1:Torld Bank f i n a n c i n g .  Other  . 
methods would b e  t o  go i n  f o r  c r o p  zoning and s t a g g e r i n g ,  i n c l u d i n g  
r o t a t i o n  of w a t e r  supply-between a d j a c e n t  a r e a s .  I f  t h e  s y s  teiii had 
b e t t e r  t e l ecorm.un ica t ions  i t  might  be p o s s i b l e  t o  o p e r a t e  t h e  
s y s  tem more e f ' f i c i e n t l y  s o  a s  t o  c o n s e r v c  w a t e r  v~lien r a i n s  o c c u r .  
62) Conversa t ions  t h a t  t h e  S tudy  Team had w i t h  v a r i o u s  o f f i c i a l s  
i n d i c a t e d  wide ly  v a r y i n g  p e r c e p t i o n s  r e g a r d i n g  t h e  problems of 
o p e r a t i n g  t h e  sys tems .  I n  g e n e r a l ,  e n g i n e e r s  w i t h  t h e  P r o v i n c i a l  
I r r i g a t i o n  Depar tments  who a r e  p r e s e n t l y  i n  d i r e c t  cha rge  c!onlt 
seem t o  f e e l  t h a t  t h e r e  a r e  many problems.  They s a y  t h a t  s i n c e  t h e  
s t o r a g e  dams hzve been comple ted ,  they r u n  t h e  c a n a l s  f u l l  a t  a 1 1  
t i n e s  e s c e p t  f o r  f i x e d  c l o s u r e  d a t e s  f o r  ma in tenance  ( i n  Jnnuar::), 
and t h a t  t h e  f a r m e r s  g e t  d e l i v e r y  on t ime w i t h o u t  p rob lems .  Other 
o f f  i ' c i a l s  have a  rema;-l;ably d i f f e r e n t  p r e c e p t i o n  and t h a t  i s  \;hy 
some of t h e  e x p e d i e n t s  r e g a r d i n g  o p e r a t i o n  of t h e  s y s t c m s ,  de- 
s c r i b e d  above,  a r e  r e c e i v i n g  s e r i o u s  c o n s i d e r a t i o n  and 1~i.11 be 
s u b j e c t  t o  s t u d y  i n  t h e  n e a r  fu . tu re .  
63) One o p e r a t i n g  e n g i n e e r  d i d  s a y  t h a t ,  s i n c e  i t  j.t r c ~ l l i z e d  t h a t  tllc 
c a p a c i t y  of t h c  c a n a l s  i s  t o o  low, rhc  dura t i .on  of f low i n  t11c 
minor c a n a l s  s h o u l d  be  i n c r e a s e d  i n  o r t l c r  t o  nlclltc up f o r  thc: l a c k  
of c a p a c i t y .  IIc s a i d  t h a t  t h e  c a n a l s  r u n  ful .1  d u r i n g  tlic s i x  sunlmcr 
months ant1 20 clays p e r  mo~ltll l o r  f i v c  w i n t e r  mont l~s .  Also t h a t  
changes i n  o l , c r a t i o n  of  t h e  c a n a l s  i n  t h c  upst rcnm systelns ( i n  tllc 
Punjab)  n ~ i  !:I1 t  Ilavc t o  be  cl~nrlgcd,  the r i l l~y  i n c r c a s i n y ,  wnl:cr a v a i l -  
a b i l i t y  t o  tlic S i n d ,  i n  t h e  lower  p a r t  of  t h c  Indus  v a l l e y  sys tem.  
64) The I ' r o v i n c i a l  I r r i g a t i o n  Depnr tmcnt ' s  s t a f f  p o i n t e d  o u t  t h a t  funds  
f o r  opcrnt i .on  ant1 main tcnancc  a r c  s e r i o ~ ~ s l y  i n a t l c q ~ ~ ~ n t c ; - i t ~  c o n s t a i l t  
t e rms ,  t h c s c  ~ L . C  perlirlps no niorc than  20:': of what was a v a i l a b l e  
f i v c  y e a r s  :~p,o. As a  r c s u l  t ,  w l ~ a t  o f t e n  11;1pl)clnr; i r, t:llnt :Iccurnu- 
l a t e d  o p e r a t i o n  and main tcn :~ncc  ~,rorlc, in:;[-.ead o f  b e i n g  Inov ide t l  f o r  
i n  c u r r c n  t  budge t s ,  a r e  s l l i f  ccd t o  dcvelopalcnt  budge t s  . 
65) Some t e c h n i c i a n s  s a y  t h a t  improving e f f i c i e n c y  of t h e  c a n a l  s y s t e m  
i s  n o t  u r g e n t  i n  P a k i s t a n  s i n c e  most  of  t h e  seepage  goes t o  t h e  
groundwater  where i t  can b e  r e c o v e r e d  th rough  pumping. Although 
much of  t h i s  may b e  t r u e ,  t h e  growing c o s t  of energy and t h e  c a p i -  
t a l  inves tment  r e q u i r e d  f o r  pumping f a c i l i t i e s  needs  t o  b e  t a k e n  , 
i n t o  account .  According t o  WAPDA, 25% of  t h e  d i v e r t e d  s u r f a c e  f lows  
a r e  l o s t  i n  t h e  d i s t r i b u t i o n  sys tem above t h e  mogha through deep 
p e r c o l a t i o n  and e v a p o r a t i o n  ( s e e  ' ~ e v i s e d  Ac t ion  Programme f o r  
I r r i g a t e d  ~ ~ r i c u l t u r e ' ) .  
66) Cormand Area Apprsaciz: I n  o r d e r  t o  d e a l  i n  a  comprehensive manner 
w i t h  c a n a l  sys tem management, i t  i s  now though t  t h a t  s p e c i f i c  por-  
t i o n s  of t h e  c a n a l  sys tem ( ' c a n a l  commands') need t o  be s e l e c t e d  
f o r  development p l a n n i n g  and i m p l e m e n t a t i o n .  IJAPDA and i t s  con- 
s u l t a n t s  a r e  p r e s e n t l y  p r e p a r i n g  a  f e a s i b i l i t y  s t u d y  f o r  s e v e r a l  
such  s e l e c t i v e  c a n a l  commands v a r y i n g  i n  s i z e  from 50,000 t o  
100,000 a c r e s .  According t o  t h e  t e rms  of  r e f e r e n c e  f o r  t h e  s t u d y  
which t h e  Study Team r e c e i v e d ,  n o t  o n l y  would o p e r a t i o n  of  t h e  
c a n a l  sys tem b e  de te rmined  b u t  a l s o  o t h e r  w a t e r  c o n t r o l  a s p e c t s  
such  a s  d r a i n a g e  and c o n j u n c t i v e  u s e  of  groundvrater and s u r f a c e  
w a t e r ,  adequacy of  fa 'm-to-market  r o a d s ,  r e q u i r e m e n t s  f o r  tUbewel1 
e l e c t r i f i c a t i o n ,  needs  f o r  p u b l i c  s e c t o r  s u p p o r t  and p r i v a t e  s e c t o r  
p a r t i c i p a t i o n  i n  w a t e r c o u r s e  improvements and t u b e w e l l  i n s t a l l a t i o n  
through c r e d i t ,  improved c r o p p i n g  p a t t e r n s  and i n  g e n e r a l  a  con- 
p l e t e  a g r i c u l t u r a l  p l a n  f o r  n o r e  i n t e n s i v e  d c v e l o p n i c ~ t  of t h e  
cofix1ancl a r e a .  P r i o r i t y  would be  g i v e n  t o  a r e a s  wllerc major  a g r i c u l -  
t u r a l  c o n s t r a i n t s  can be recloved a t . r e l a t i v e l y  low c o s t  p e r  a c r e .  
For  example,  i h  t h e  s e l e c t e d  a r e a s ,  t h e  ' . r a t e r t ab le  should  g e n e r a l l y  
be  lower t h a n  5 f e e t  and major  improvements t o  t h c  d i s t r i b u t i o n  
sys tem shou ld  n o t  be r e q u i r e d ;  t h e  a r e a s  shou ld  b e  g e n e r a l l y  f r e e  
of soclic s o i l s ;  and l and  ownership  and tenzncy shou ld  be comparable  
t o  t h e  g e n e r a l  p a t t e r n  f o r  t h e  p r o v i n c e  w i t h  p r i o r i t y  g i v e n  t o  sub- 
p r o j e c t  a r c a s  where t h e  m a j o r i t y  of b e n e f i t s  w i l l  a c c r u e  t o  f a rm 
h o l d i n g s  of  12.5  a c r e s  o r  l e s s .  Funds f o r  t h e  s t u d i e s  w i l l  be 
a v a i l a b l e  from a n  e x i s t i n g  I D A  c r e d i t .  The t o t a l  a r e a  t o  be  s t u d i e ~ l  
w i l l  be  abou t  1 m i l l i o n  a c r e s .  The s t u d y  would be c a r r i e d  o u t  
d u r i n g  c a l e n d a r  y e a r  1982. 
Wa t c r l o s g i n g  and S a l i n i t y  
6 7 )  A 1  tlioug11 w a t c r l o g g i n g  2nd s n l  il;i ty prob l  c l ~ n s  a r c  app ; l r cn t ly  n o t  
g e t t i n g  worse ,  t h e  s i t u n  t i o n  r c q u i r c s  c o n s t a n t  v i .~ ; i . lnncc  ant1 1:ioni- 
t o r i n g  s o  t h a t  t h i s  tlocs n o t  happen.  blorctover, niajor b e n e f i t s  coult l  
be o b t a i n e d  i f  ways t o  c l i m i n n t e  t h c  e x i s t i n g  ~ ~ a t c r l o ~ : , i n g  anti 
s a l i n i t y  could  be accomplished i n  311 ccono:nic manner. F u r t h e r  
groundwater  development through c o n j u n c t i v e  u s e ,  alrccldy ncco!il- 
p l i s h c d  i n  a s u b s t a n t i n 1  o ~ n n n c r ,  needs  to be  co~lti.nuccl. ' l ' l~cre i s  
concern  t h a t ,  s i n c e  adcciuatc n o u i  t o r i n g  of  private ~ i c l l  s 11::s n o t  
been c a r r i e d  o u t ,  t h e r e  a r c  d a ~ ~ g e r s  t h a t  SOIIIC of t l lcse w e l l s  may 
e i t l l e r  become s a l i n e  o r  r u n  o u t  of  w a t e r .  Tllc cluc:;tiai~:: a r e  q u i t e  
compliccltctl t e c h n i c a l l y  clnd, n l t h o u ~ h  tcc1irlologi .c~ ; lrc a v : ~ i l a l ) l c  
f o r  bo th  m o n i t o r i n g  and  a n a l y s i s ,  tllcy 11;lve s t i l l  t o  LC a p p l i e d .  
68) A major  c o n s t r a i n t  t o  f u r t h e r  groundwater  development i s  t h e  a v a i l -  
a b i l i t y  o f  e n e r g y ,  whether  through e l e c t r i c i t y  d i s t r i b u t i o n  o r  by 
u s e  of f o s s i l  f u e l s .  
69) S p e c i f i c  problems need ing  r e s e a r c h  i n c l u d e :  t h e  e x t e n t  t o  which 
w a t e r l o g g i n g  and s a l i n i t y  c o n t r o l  i s  needed t o  improve t h e  c o t t o n  
c rop  and how t o  e l i m i n a t e  s o d i c  c o n d i t i o n s  i n  a n  economical  manner. 
Needed I m ~ r o v e m e n t  i n  On-Farm Systems 
' A c t i o n  r e s e a r c h '  t o  improve on-farm w a t e r  management has  been 
underway i n  P a k i s t a n  s i n c e  1973, as d e s c r i b e d  above.  C u r r e n t l y ,  
t h r e e  programmes a r e  e i t h e r  underway o r  a b o u t  t o  s t a r t .  The f i r s t  
programme, 1976-83, which h a s  USAID s u p p o r t  i n  t h e  amount of $32 
m i l l i o n ,  i n v o l v e s  improvement of 1500 w a t e r c o u r s e s  and p r e c i s i o n  
l and  l e v e l l i n g  i n  425,000 a c r e s .  The second programme;which i s  
a b o u t . t o  s t a r t  w i t h  Asian Development Bank f i n a n c i n g  ($37 m i l l i o n ) ,  
i n v o l v e s  improvement of 1250 w a t e r c o u r s e s  and i n s t a l l a t i . o n  of 950 
p r i v a t e  t u b e w e l l s .  The t h i r d  p r o g r a m e ,  a l s o  j u s t  about  t o  s t a r t ,  
has  I D A  and IFAD f i n a n c i n g  t o  t h e  e x t e n t  of $53 m i l l i o n  w i t h  add i -  
t i o n a l  domes t ic  f i n a n c i n g  amounting t o  $59 m i l l i o n  ( e q u i v a l e n t ) ;  
2,065 w a t e r c o u r s e s  w i l l  be improved and 16,500 tqa te rcourses  w i l l  b e  
renova ted  and p r e c i s i o n  l and  l e v e l l i n g  w i l l  b e  c a r r i e d  o u t  on a  
d e m o n s t r a t i o n  b a s i s  i n  37,000 a c r e s .  
, - 
7  1 ) Extext of t a r g e t s  ac7zieved: T a r g e t s ,  under  t h e  f i r s t  programme have 
been ach ieved  b n l y  t o  t h e  e x t e n t  of onc t h i r d  wit!l r e s p e c t  t o  t h e  
w a t e r c o u r s e  improvements and on ly  abou t  104 w i t h  r e s p e c t  t o  p r e -  
c i s i o n  l and  l e v e l l i n g .  The r e a s o n s  g i v c n  f o r  t h e  s h o r t f a l l  i n c l u d e s  
s h o r t a g e  of g r a d u a t e - l e v e l  p e r s o n n e l ,  i n a d e q u a t e  t r a i n i n g  f a c i l -  
i t i e s  a t  t h r e e  t r a i n i n g  i n s t i t u t e s  t h a t  were  e s t a b l i s h e d  a t  Lahore ,  
Hyderabad and Peshawar,  d e t e r i o r a t i o n  of improved w a t e r c o u r s e s  due 
t o  i n a d e q u a t e  maintenance by f a r m e r s ,  s h o r t a g e  of s l c i l l e d  e x t e n s i o n  
workers c a p a b l e  o f  ex tend ing  a d v i s o r y  a s s i s t a n c e  i n  i r r i g a t e d  
a g r i c u l t u r e  and i n a d e q u a t e  funds  f o r  procurement  of r e q u i r e d  mate- 
r i a l s .  
72) The f i r s t  programme has  been under  e x e c u t i o n  by t h e  P l i n i s t r y  of 
Food, A g r i c u l t u r e  and Coopera t ives  through a  F e d e r a l  Water Planage- 
ment C e l l  w i t h  implementa t ion  by On-Farm .I.later Planagement Direc-  
t o r a t e s  w i t h i n  each of t h e  P r o v i n c i a l  D e p a r t n c n t s  of A g r i c u l t u r e .  
Th i s  has  seemed t o  have worked s a t i s f a c t o r i l y  e x c e p t  f o r  i n s u f -  
f i c i e n t  involvement  of fa rmers  i n  Wntcr Users  A s s o c i n ~ i o n s  and,  a s  
i n d i c a t e d  above,  laclc of a d e q u a t e l y  t r a i n e d  e x t e n s i o n  p c r s o n n c l  
( V i l l s g e  L e v e l  Workers) . 
73) I t  i s  notewortl ty t h a t  sonlc of t h c  ~itctliods and desiznr ;  f o r  ir,tpro\rc- 
mcnt of w a t e r c o u r s e  dcvc1op:nent i n  Palcistnn coulr! \ ;e l l  11ave a p p l i -  
c a t i o n  i n  o t h e r  c b u n t r i c s ,  e s p e c i r ~ l l y  I n d i a .  Tl~i.. two f e a t u r e s  i n  
p c i r t i c u l ~ i r  t h a t  a r c  notewortliy a r e :  a )  'I'ucccl nuccns ' \.:hicll i n c l u d e  
p r c - c a s t  c o n c r e t e  p a n e l s  and c i r c u l : ~ r  covcirs of a l ~ o u t  13" t l i a n ~ e t c r  
which can be e a s i l y  handled and which enable r a p i d  opcning o r  
c l o s i n g  of w a t e r c o u r s e s  and f arm-cllanncl o f  f-takct:; nncl ; b)  pro- 
cedures  Eor r e c o n s t r u c t i o n  of e a r t h  channc l s  i n  s t n g c s  so  a s  t o  
e n s u r c  ample s t r i p p i n g  of o r g a n i c  mcl tcr in ls  and placcr:i?nL of c l -can,  
cornpactcd s o i l  i n  a  c o n t r o l l e d  manner. 
7 4 )  Rethinking needed on Zand ZeveZZing: The i n a b i l i t y  t o  make much 
p r o g r e s s  w i t h  p r e c i s i o n  l and  l e v e l l i n g  r e q u i r e s  r e t h i n k i n g  of t h i s  
a s p e c t  of t h e  programme which i n v o l v e s  development of a n  i n t e r -  
m e d i a t e ,  l e s s  p r e c i s e  s o l u t i o n  b u t  one t h a t  s t i l l  g i v e s  a d e q u a t e  
b e n e f i t s .  Ac t ion  r e s e a r c h  concern ing  l a n d  l e v e l l i n g  s h o u l d  a c t u a l l y  
i n c l u d e  p r o p e r  c u l t i v a t i o n  p r a c t i c e s  s u i t a b l e  f o r  i r r i g a t e d  a g r i -  
c u l t u r e .  The method of i r r i g a t i o n  u n i v e r s a l l y  p r a c t i c e d  i s  f l o o d  
i r r i g a t i o n  w i t h o u t  b o r d e r s  and w i t h o u t  fu r rows .  A s  a l r e a d y  men- 
t i o n e d ,  t h i s  c a u s e s  c o n s i d e r a b l e  lower ing  of w a t e r - a p p l i c a t i o n  ef- 
f i c i e n c y  and may a l s o  b e  d e t r i m e n t a l  t o  p l a n t s  i n  n o t  h a v i n g  ade- 
q u a t e  d r a i n a g e  d u r i n g  monsoon r a i n f a l l s  which sometimes a r e  heavy. 
. Also p l a n t s  may n o t  g e t  s u f f i c i e n t  a e r a t i o n .  P a r t  o f  t h e  problem, 
a s  i n  I n d i a ,  i s  l a c k  of s u i t a b l e  implements t h a t  can  b e  drawn by 
b u l l o c k s  i n  o r d e r  t o  form b o r d e r s  and fu r rows .  The U n i v e r s i t y  of 
A g r i c u l t u r e  a t  F a i s a l a b a d  i s  a l r e a d y  embarked on s t u d i e s  o f  furrow- 
bed land forming which they  thinlc could  r e s u l t  i n  a  35% s a v i n g  i n  
w a t e r .  
75) Roads: With r e g a r d  t o  farm-to-market r o a d s ,  f i e l d  s t a f f  w i t h  whom 
t h e  Study Team spoke thought  t h a t  l a c k  of such r o a d s  was a medium 
and long-term c o n s t r a i n t  and t h a t  roads  shou ld  be p lanned  i n  con- 
j u n c t i o n  w i t h  improvement of d i s t r i b u t a r y  and minor c a n a l s  and even 
w a t e r c o u r s e s ,  b u t  t h a t  t h i s  might  be  d i f f i c u l t  t o  a c h i e v e  s i n c e  
r o a d s  were under j u r i s d i c t i o n  of a n o t h e r  p r o v i n c i a l  government 
depar  t m e n ~ .  
Changes i n  I n s t i t u t i o n a l  Arrangements I 
76) The P r o v i n c i a l  I r r i g a t i o n  Departments a r e  p r e s e n t l y  o r i e n t e d  t o  
c o n s t r u c t i o n  and o p e r a t i o n  and have l i t t l e  c a p a b i l i t y  f o r  p l a n n i n g ,  
whether  f o r  new p r o j e c t s  o r  f o r  improvement of e x i s t i n g  o n e s .  I t  
w i l l  be t h e  i n t e n t i o n  under  t h e  command a r e a  approach d e s c r i b e d  
above t o  develop a  c o n t i n u i n g  c a p a b i l i t y  , f o r  t h i s  purpose .  Ac tua l -  
l y ,  t h e r e  i s  need f o r  p r o v i n c i a l  and c a n a l  command c o o r d i n a t i o n  of 
a l l  a g r i c u l t u r a l  and i r r i g a t i o n  i n p u t s .  The Revised A c t i o n  Pro- 
gramme f o r  I r r i g a t e d  A g r i c u l t u r e  o u t l i n e s  t h e  p roposed  a r r a n z e -  
ment i .  I t  c a l l s  f o r  tlie c s  t a b l i s l ~ m c n t  of an A d d i t i o n a l  Chicf 
S c c r c  t a r p  f o r  A g r i c u l t u r a l  P r o d u c t i o n ,  ant1 Connnand Area Elanagement 
C e l l s . t o  i n t e g r a t e  a p p r o p r i a t e  programmes of t h e  P r o v i n c i a l  I r r i -  
g a t i o n  and A g r i c u l t u r e  Departments.  The l a t t e r  recommendation i s  of 
p a r t i c u l a r  i n t e r e s t  s i n c e  most p l a n n i n g  i s  p r e s e n t l y  c a r r i e d  o u t  by 
IJAPDII, n o t  by t h e  P r o v i n c i a l  I r r i g a t i o n  Depar tments .  Th i s  a p p e a r s  
t o  be a  d e f e c t  s i n c e  i t  i s  thought  t h a t  t h e  a c t u a l  r e h a b i l i t a t i o n  
will be c a r r i e d  o u t  by t h e  Depar tments ,  n o t  WM'DA. 
77) Pc?rson?zcZ politics: S e v e r a l  lead in^ P a k i s t a n i  o f f i c i a l s  nic.ntioned 
t h a t  e s c e s s  m o b i l i t y  of p e r s o n n e l  i s  a  problem. 
78) ~ r a i n i n g :  To d e a l  w i t h  o n - f a ~ m  w a t e r  management, t h e r e  a r e  t h r e e  
Water Flanagenlent and Iiesearch I n s t i t u t e s  a t  Lahore ,  Hyderabatl and 
Peshawar and a d d i t i o n a l  t r a i n i n g  and r e s e a r c h  i n s t i t u t e s  arc. 
p lanned.  T r a i n e e s  thus  f r~r number l G O O  government o f f i c i a l s ,  500 
fa~ni-nlcrs, and 4000 t r a c t o r  o p e r a t o r s  f o r  l and  l e v e l l i n g .  
79) I n  o r d e r  t o  c a r r y  o u t  t h e  command a r e a  progranme d e s c r i b e d  above 
w i l l  r e q u i r e  a d d i t i o n a l  i m p o r t a n t  t r a i n i n g  e f f o r t s ,  i n  a l l  a r e a s  of 
w a t e r  management, f o r  P r o v i n c i a l  A g r i c u l t u r e  and I r r i g a t i o n  o f f i -  
c i a l s .  T r a i n i n g  w i l l  have t o  cover  d c t c r m i n a t i o n  o r  crop w a t c r  
r e q u i r e m e n t s  and methods of o p e r a t i n g  t h e  i r r i g a t i o n  systern t o  
b e t t e r  meet such  r e q u i r e m e n t s .  Computer s o f t w a r e  programmes f o r  
i r r i g a t i o n  d e l i v e r i e s  and s c h e d u l i n g  w i l l  have t o  be  deve loped .  
A t t e n t i o n  w i l l  t h u s  have t o  be  g i v e n  t o  f u r t h e r  development oE 
t r a i n i n g  f a c i l i t i e s ,  e i t h e r  a t  t h e  t h r e e  t r a i n i n g  c e n t r e s  men- 
t i o n e d ,  o r  a t  o t h e r  l o c a t i o n s .  
$0) A t  u n i v e r s i t y  l e v e l ,  t h e  s o - c a l l e d  Cen t re  of E x c e l l e n c e  i n  Water 
Resources  Engineer ing  i n  Lahore was e s t a b l i s h c d  i n  1977 .  R e f r e s h e r  
c o u r s e s  a r e  g i v e n  i n  c o o p e r a t i o n  w i t h  WAPDA on p r o j e c t  p r e p a r a t i o n  
and t h e r e  a r e  w a t e r  management c o u r s e s  f o r  M i n i s t r y  of A g r i c u l t u r e  
p e r s o n n e l .  According t o  t h e  D i r e c t o r ,  t h e  f a c u l t y  was p lanned  t o  
number 2 2  b u t  on ly  10 have been r e c r u i t e d  s o  f a r .  F u r t h e r  s t u d y  i s  
needed t o  de te rmine  t h e  p r o p e r  r o l e  of t h e  Cen t re  of E x c e l l e n c e  i n  
t h e  t r a i n i n g  of u n i v e r s i t y - l e v e l  and p o s t - g r a d u a t e  s t a f f  i n  w a t e r  
managernen t . 
81) There  a r e  c o u r s e s  i n  a g r i c u l t u r a l  e n g i n e e r i n g  a t  t h e  U n i v e r s i t y  of 
F a i s a l a b a d ,  b u t  t h e y  o f f e r  on ly  a  BS n o t  an NS degree .  
82 )  O f f i c i a l s  of USAID i n d c c a t e d  t o  t h e  Study Team t h a t  t h a t  agency 
would l i k e  t o  c o n s i d e r ,  how b e s t  t o  a s s i s t  r e s e a r c h  and t r a i n i n g  
e f f o r t s  . 
8 3 )  It  seems c l e a r  t h a t  a  s t r o n g  n a t i o n a l  i n s t i t u t e  f o r  wa te r  manage- 
ment i s  needed t o  a s s i s t  i n  g u i d i n g  manpower p l a n n i n g  w i t h  r e s p e c t  
t o  b o t h  p e r s o n n e l  p o l i c i e s  and t r a i n i n g .  
Reses rch  
8 4 )  The P a k i s  t a n  A g r i c u l t u r e  Research Counci l  (PARC) is  an  autonomous 
agency now t h r e e  y e a r s  o l d .  S t a f f  working f o r  PARC do n o t  f o l l o w  
t h e  normal c i v i l  s e r v i c e  r e g u l a t i o n s .  Funding f o r  v a r i o u s  r e s e a r c h  
t o p i c s  t o  b e  under taken  by PARC a p p e a r s  t o  be  a v a i l a b l e  f rom USAID 
and f.rom I D A .  PARC i n t e n d s  t o  e s t a b l i s h  a  r e s e a r c h  farm 1,400 a c r e s  
i n  e x t e n t  l o c a t e d  s i x  m i l e s  from Is lamabad.  I t  w i l l  c o n t a i n  a  bloclc 
of p r e c i s i o n - l e v e l l e d  l a n d .  PARC i n t e n d s  t o  c r e a t e  a  s o c i a l  s c i e n c e  
d i v i s i o n  wllich w i l l  be m u l t i d i s c i p l i n a r y .  The D i r e c t o r  of PARC s a i d  
t h a t  they wish t o  r e s e a r c h  t o p i c s  invo lved  i n  w a t e r  managenicnt 
below, n o t  above,  t h e  mogha. He s a i d  t h a t  IJIZPDA 1;lus t d e a l  w i t h  t h e  
l a r g e r  works because  of t h e  power component invo lved  i n  t h e  plail- 
n i n g  and dcvelopmcnt of such worlcs. 
S5) f ~ k i s  t<x:~i o f f i c i a l s  f e e l  t h a t  3 major r c s e a r c i ~  t o p i c  t o  be ad- 
d rcssc t l  i s  ilow t o  d e a l  w i t h  w a t e r l o g g i n g  and s a l i n i t y  on a  l a r g e  
\ s c a l e .  For t h i s  purpose  some n e g o t i a t i o n s  have a l r e a d y  proceeded 
w i t h  t h e  government of I t a l y .  What would seem n e c e s s a r y  t o  worl: o u t  
w i t h  r e s p e c t  t o  a  r e s e a r c h  programme f o r  w a t e r l o g g i n g  and s a l i n i t y  
would be Ilow t o  i n t e r f a c e  w i t h  c o n c u r r e n t  e f f o r t s  i n  r e l a t e d  as-  
p e c t s  of w'lter c o n t r o l  such a s  i n c r e a s e d  s t o r a g e  through a d d i t i o n a l  
r e s e r v o i r s ,  c o n j u n c t i v e  usc  of g r o u n d w a ~ c r  and s t l r fncc  w a l c r ,  and 
improved o p c r a t i o n  of t h e  c a n a l  s y s  tem; i n  o t h e r  words ,  w a t c r  log- 
g i n g  and s a l i n i t y  shou ld  n o t  be  s t u d i e d  i n  i s o l a t i o n .  
86) Another r e s e a r c h  e f f o r t  going on s i n c e  s e v e r a l  y e a r s  i s  t h a t  of t h e  
I r r i g a t i o n ,  Dra inage  and Flood C o n t r o l  Research Counci l  o f  t h e  
M i n i s t r y  of S c i e n c e  and Technology which i s  s p o n s o r i n g  a  Dra inage  
and Reclamation I n s t i t u t e  of P a k i s t a n  (DRIP) e f f o r t  a t  Hyderabad 
i n v o l v i n g  a  s t a f f  of 55  p r o f e s s i o n a l s  which i s  suppor ted  by t h e  
Ne ther lands .  
8 7 )  Other  s p e c i f i c  t o p i c s  f o r  r e s e a r c h  t h a t  were  mentioned t o  t h e  Study 
Team i n c l u d e :  how t o  d e a l  w i t h  t h e  ' r eg ime  c a n a l s '  i n  o r d e r  t o  
avo id  e x c e s s  of s i l t a t i o n  o r  s c o u r i n g ;  farming systems under  p r e s - -  
e n t  w a t e r - c o n t r o l  c o n s t r a i n t s  i n c l u d i n g  g r a d u a l  m o d i f i c a t i o n s  a s  
some of t h e s e  c o n s t r a i n t s  a r e  r e m v e d ;  and p l a n t  s t r e s s  under  w a t e r  
s h o r t a g e .  
88) A s  i n  t h e  c a s e  of manpower p l a n n i n g ,  t h e r e  i s  a  need f o r  a  n a t i o n a l  
i n s t i t u t e  d e a l i n g  w i t h  i r r i g a t i o n  w a t e r  management t o  g u i d e ,  con- 
t r o l  and moni to r  r e s e a r c h .  
I n f o r m a t i o n  Exchange 
$9) Various  o f f i c i a l s  complained abou t  t h e  f l o o d  of i n f o r m a t i o n  re -  
g a r d i n g  i r r i g a t i o n  w a t e r  management t h a t  i s  a v a i l a b l e  on a world  
_ s c a l e  and t h a t  a s  a  r e s u l t  many o f f i c i a l s  and t e c h n i c i a n s  a r e  
confused s i n c e  i t  i s  d i f f i c u l t  f o r  them t o  de te rmine  what p a r t  of 
t h e  i n f o r m a t i o n  i s  p e r t i n e n t  and what i s  n o t .  To d e a l  w i t h  t h i s  
problem, s u g g e s t i o n s  a s  proposed e a r l i e r  i n  t h i s  annex f o r  I n d i a  
shou ld  be c o n s i d e r e d .  
Long-Range P l a n n i n g  
90) S i n c e  t h e  Revised A c t i o n  Programme of IJAI'DA was i s s u e d  i n  1979, 
work has  con t inued  b u t  on a  g r e a t l y  reduced  b a s i s .  The o f f i c i a l  i n  
charge  of p l a n n i n g  f o r  WAPDA s a i d  t h a t  t h i s  r e d u c t i o n  i n  e f f o r t  i s  
s e r i o u s  s i n c e  t h e  t y p e  of p l a n n i n g  t h a t  was c a r r i e d  o u t  i n  pre-  
p a r i n g  t h e  Revised Act ion  Programme i s  of such  a  n a t u r e  t h a t ,  once  
such a  p e r s p e c t i v e  p l a n  has been completed,  i t  must t h e n  be  con- 
t i n u o u s l y  updated;  however, a d e q u a t e  s t a f f  i s  n o t  a v a i l a b l e  f o r  
such work. The Revised Act ion  Programme p r e p a r e d  i n  1979 i s  ac- 
t u a l l y  t h e  t h i r d  such e f f o r t  c a g r i e d  o u t  i n  a  s p a c e  of a b o u t  15 
y e a r s .  For  a l l  t h r e e  e f f o r t s ,  t h e r e  was a  major  i n p u t  of e x p a t r i a t e  
s t a f f  which has  now d e p a r t e d  b u t  P a k i s t a n i  s t a f f  a b l e  t o  c a r r y  on 
w i t h  t h e  s t u d i e s  needed f o r  con t inuous  u p d a t i n g  need t r a i n i n g  and 
t e c h n i c a l  a s s i s t a n c e .  
91)  Another need i s  f o r  a  long-range c o n c e p t u a l  p l a n n i n g  u n i t  whose 
pr imary o b j e c t i v e s  would be t o  d e f i n e  f u t u r e  i r r i g a t i o n  per fo lmance  
c r i t e r i a ,  and t o  d e t e r m i n e  hardware ,  s o f t ~ . ~ a r e  and t r a i n i n g  i m p l i c a -  
t i o n s  of t h e  v a r i o u s  a l t e r n a t i v e s .  
Need f o r  a  N a t i o n a l  I n s t i t u t e  f o r  I r r i g a t i o n  blanarcment 
92) From t h e  f o r e g o i n g  p a r a g r a p h s ,  i t  can be  s e e n  t h a t  t h e r e  a r e  a t  
l e a s t  s i x  major a r e a s  of i r r i g a t i o n  management t h a t  a r e  c u r r e n t l y  
n o t  r e c e i v i n g  a d e q u a t e  a t t e n t i o n  a t  t h e  n a t i o n a l  l e v e l ,  a s  f o l l o w s :  
Improvement i n  main sys tem o p e r a t i o n  ( p a r a s  61-66);  
Moni to r ing  of  p r i v a t e  w e l l s  ( p a r a  67)  ; 
Improved i n s t i t u t i o n a l  a r rangements  ( p a r a  7 6 ) ;  
Improved t r a i n i n g  ( p a r a  78-83); 
Improved c o o r d i n a t i o n  and m o n i t o r i n g  of r e s e a r c h  ( p a r a s  84-88); and 
Continued e f f o r t s  i n  long-range p l a n n i n g  ( p a r a s  90 and 9 1 ) .  
93) To p r o v i d e  g u i d a n c e  and d i r e c t i o n  i n  t h e s e  a r e a s ,  a N a t i o n a l  
I n s t i t u t e  f o r  I r r i g a t i o n  hlanagement, s i m i l a r  t o  t h e  one s u g g e s t e d  
f o r  I n d i a ,  would seem d e s i r a b l e .  
EGYPT 
Background 
94) A g r i c u l t u r e  c o n t i n u e s  t o  be  t h e  l a r g e s t  s e c t o r  of t h e  E g y p t i a n  
economy, c o n t r i b u t i n g  abou t  23% of GDP and employing abou t  40% of 
t h e  l a b o u r  f o r c e .  I ~ l h i l e  t h e  c o u n t r y ' s  o v e r a l l  r a t e  of economic 
growth has  a c c e l e r a t e d  s i n c e  t h e  mid-1970s, t h e  expans ion  of a g r i -  
c u l t u r a l  o u t p u t  h a s  averaged  o n l y  abou t  2% a  y e a r ,  s u b s t a n t i a l l y  
below t h e  r a t e  of p o p u l a t i o n  growth and income-induced i n c r e a s e s  i n  
demand. I ,  
95) Given i t s  c l i m a t i c  c h a r a c t e r i s t i c s ,  geography,  and n a t u r a l  r e s o u r c e  
b a s e ,  Egyp t ian  a g r i c u l t u r e  h a s  f o r  s e v e r a l  m i l l e n i a  been i n e x t r i -  
c a b l y  t i e d  t o  i r r i g a t i o n .  I n  t h e  l a s t  c e n t u r y  o r  s o  t h e r e  has  been 
c o n s i d e r a b l e  development  of i r r i g a t i o n  i n f r a s t r u c t u r e  which has  
p e r m i t t e d  t h e  i n t r o d u c t i o n  of  i n t e n s i v e  c r o p p i n g  t e c h n i q u e s  and u s e  
of  p r o g r e s s i v e l y  more modern i n p u t s  i n  an  i r r i g a t e d  a r e a  of 5 .8  
m i l l i o n  Feddans ( 2 . 4  m i l l i o n  ha)  - t h e  so-ccll led 'Old Lands ' . The 
c u l m i n a t i o n  of t h i s  i n f r a s t r u c t u r a l  growth was t h e  c o n s t r u c t i o n  of  
t h e  monumental Aswan High Dam, commissioned i n  1969. I t  e l i m i n a t e d  
wide ly  f l u c t u a t i n g  N i l e  £ 1 0 : ~  and e n a b l e d . p e r e n n i a 1  year-round 
i r r i g a t i o n  of t h e  Old Lands. 
The Old-New ~ a n h s  
96) The High Dam was' accompanied by a n  ambitiou:; programme t o .  e x t e n d  
t h e  i r r i g a t e d  a r e a  by o v e r  900,000 Feddans (380,000 h a )  by t h e  mid- 
70s i n  t h e  s o - c a l l e d  'Old-New Lands ' .  T h i s  programme was r a t h e r  
u n s u c c e s s f u l  s i n c e  abou t  a  q u a r t e r  of t h i s  a r e a  i s  o n l y  marginal1.y 
p r o d u c t i v e  w h i l e  t h e  b a l a n c e ,  f o r  t h e  most p a r t ,  i s  p roduc ing  c r o p s  
a t  sub-marginal  l e v e l s  o r  h a s  becn abandoned. A s  a  r e s u l t ,  t h e  Old- 
New Lands,  r e p r e s e n t i n g  a b o u t  15% of t h e  n e t  i r r i g a b l e  a r e a ,  pro- 
duce on ly  3X of The a g r i c u l t u r a l  01' .  D e s p i ~ e  tllc c u r r e n t  low 
o u t p u t ,  i t  seems l i l c e l y  t h a t  t h e  p r o d u c t i v i t y  of the -  Old-?!cw Lands 
cou ld  b e  increclscd a t  a  f a r  lower c o s t  than  t l l r l t  of xec1aiclin.g 
e n  t i r e l y  new a r e a s  i n  t h e  ' New-b!ew Lands ' (descr ibeci  bclow) . 
E s p e c i a l l y  on t h e  w e s r c r n  edge of t h e  Dcl trl, t h e r e  a r c  l a r g e  a r e a s  
i n  t h e  Old-New Lands which r e q u i r e  ' toppiny,-up' i n v c s  t-ment, i n  t h e  
fo'rm of the  p r o v i s i o n  of d r a i n a g e  o r  the  i u ~ p r o v e n ~ e u t  of e x i s  t i n s  
d r a i n a g e  a t  c i  t h c r  t h e  p r o j e c t  level .  o r  on-farm, t h e  r e n o v a t i o n  of 
pumping s t a t i o n s  and t h e  r e b u i l d i n g  of w a t e r - c o n ~ r o l  s t r u c t ! ~ r c s .  
The Govcrnmcnt i s  c u r r e n t l y  a t t e m p t i n g  t o  t u r n  s o w  of t l lcse  c a r -  
l i e r  p r o j e c t s  i n t o  j o i n t  v e n t u r e s  w i t h  p r i v a t e  co~npan ies  
o r  t o  s e t t l e  t h e x  w i t h  s m a l l h o l d e r s ,  a s  i n  t h e  c a s e  of t h e  o l d  so-  
c a l l e d  'Mechanized Farm ' ,  whose r e h a b i l i t a t i o n  i s  b e i n g  funded by 
IPAD under  t h e  West B e h e i r a  P r o j e c t .  
97)  One r e a s o n  f o r  d e l a y  i n  development of t h e  Old-New Lands a p p e a r s  t o  
be  a d i f f u s i o n  of  r e s p o n s i b i l i t y  among m i , n i s t r i e s  f o r  t h e i r  upkeep 
and t h e  l a c k  of  c l e a r l y  d e f i n e d  g o a l s ,  b o t h  f i n a n c i a l  and produc- 
t i v e ,  by which t h e  managements o f  t h e  p u b l i c  s e c t o r  companies c o u l d  
b e  judged.  Some of t h e  companies come under  t h e  M i n i s t r y  of Agri -  
c u l t u r e ,  o t h e r s  under t h e  M i n i s t r y  of Land Reclamat ion w h i l e  t h e  
P f i n i s t r y  of  I r r i g a t i o n  i s  r e s p o n s i b l e  f o r  w a t e r  s u p p l y  and t h e  
main tenance  of t h e  i r r i g a t i o n  sys tem.  
On-Farm Water D i s t r i b u t i o n  i n  t h e  Old Lands 
98) On-fann,water  d i s t r i b u t i o n  s t a r t s  a t  t h e  mouth of  t h e  fa rm h e a d e r  
d i t c h  (commonly c a l l e d  'meslca') , which g e n e r a l l y  s e r v e s  a n  a r e a  of 
24-400 feddans  (10-160 h a ) .  From t h a t  p o i n t  on t h e  fa rmer  i s  
r e s p o n s i b l e ,  w i t h  l i t t l e  o r  no i n s t i t u t i o n a l  s u p p o r t ,  f o r  manage- 
ment of  t h e  w a t e r  and f o r  ma in tenance  of t h e  farm d i t c h e s  t h a t  v a r y  
i n  l e n g t h  from 150 t o  400 m p e r  f eddan  of i r r i g a t e d  a r e a .  A s  t h e  
p u b l i c  sys tem p r o v i d e s  w a t e r ' t o  t h e  major  p o r t i o n  of Old Lands 
a b o u t  h a l f  a  me te r  o r  more b e l o w . t h e  g e n e r a l  ground l e v e l ,  w a t e r  
h a s  t o  be  l i f t e d  by t h e  fa rmer .  Th i s  i s  g e n e r a l l y  accomplished by 
t h e  s a k i a ,  a  w a t e r  wheel  worked by an imal  power, though t h e  u s e  of  
pumps i s  expanding.  
99)  I n h e r e n t  i n  t h i s  sys tem a r e  a p p l i c a t i o n  i n e f f i c i e n c i e s  a s  w e l l  a s  
c o n s i d e r a b l e  c o s t s  t o  t h e  f a r m e r s .  Except  i n  p e r i o d  of keen demand, 
t h e  c u l t i v a t o r  p r e f e r s  t o  l i f t  w a t e r  froin t h e  c a n a l s  on ly  d u r i n g  
t h e  dayt ime.  The c o s t s  and p e n a l t i e s  a s s o c i a t e d  w i t h  t h i s  p r a c t i c e  
i n c l u d e  h a n d l i n g  .water  was ted  t o  t h e  d r a i n a g e  s y s  tcm, t h e  l o s s  of  
p r o d u c t i v i t y  and i n c r e a s i n g  i n c i d e n c e  of w a t e r l o g g i n g .  The f a c t  
t h a t  t h e  fa r rnc r s ,  d u r i n g  t h e  r o t a t i o n a l  t u r n  of t h e i r  i r r i g a t i o n  
c h a n n e l ,  a r e  f r e e  t o  l i f t  w a t e r  a s  and vhcn they  l i k e  o f t e n  l e a d s  
t o  a n  i n e q u i t a b l e  d i s t r i b u t i o n  a l o n g  t h e  c h a n n e l .  S t u d i e s  show t h a t  
water '  p e r  feddnn d e c r e a s e s  w i t h  t h e  d i s t a n c e  from t h e  c h a n n e l  
i n t s k c .  I n  t h e  Old-New Lands of t h e  \ J e s t  D e l t a ,  t h e  u s e  of w a t c r ,  
pumped t o  v a r i o u s  h e i g h t s  c u r r e n t l y  approach ing  50 m ,  i s  cven more 
w a s t e f u l  because  of t h e  i n t e r a c ~ i o n  amongst some of  t h e  above 
p r a c t i c e s ,  b a s i n  i r r i g a t i o n ,  and t h e  sandy n a t u r c  of t h e  s o i l s .  
O v c r a l l  w a t e r  e f i i c i e n c y  i n  some of t h e s e  a r e a s  i s  on ly  a b o u t  252,  
a s  compared t o  n e a r l y  607. i n  t h e  Old Lands.  
100) Czcrz-ent 'actio?z research': A common o b s e r v a t i o n  by t h e  > l i n i s  t r y  of  
I r r i g a t i o n  ($101) i s  t h a t  f a r m e r s  o v e r - i r r i g a t e .  The d a t a  i n d i c a t e s  
t h a t  morc w a t e r  i s  d i s t r i b u t e d  than  n e c e s s a r y  a p a r t  from t h e  t h r e e  
peak months. A c o n s i d e r a b l e  volume i s  used f o r  p r e - i r r i g a t i o n  f o r  
an imal  power (Eoddcr) c u l t i v a t i o n ,  and t h e r c  i s  a  p o s s i b i l i t y  of  
r e d u c i n g  r e l e a s e s  i n  October  and Iiay a s  t r a c t o r  ~ncchan ized  c u l  t i-  
v a t i o n s  i n c r e a s e .  The whole q u e s t i o n  of on-farm w a t e r  manngcment i s  
b e i n g  s t u d i e d  by tllc Water Researcli  C e n t r e  (NItC) of M O I  i n  t l ie  
Egyp t ian  Water Use and Elanagement P r o j e c t  (ELNP) b e i n g  c a r r i c d  o u t  
w i t h  a s s i s t a n c e  from Colorado S t a t e  U n i v e r s i t y  (CSU). Anlong o t h c r  
t h i n g s ,  t h e s c  s  t u d i c s  show t h a t  t h e  i r r i g a t i o n  r o t a t i o n  ( g e n e r a l l y  
7 days  on and 7 days  o f f  i n  summer) c o n s t r a i n s  y i e l d s  due t o  m o i s t -  
u r e  s t r c s s ,  and c o n t r i b u t e s  t o  o v e r w a t c r i n g  s i n c e  fa rmers  over -  
i r r i g a t e  i n  t h e  ' o n '  p e r i o d  t o  compensate f o r  t h e  ' o f f '  p e r i o d .  
Water cou ld  b e  saved and p l a n t  m o i s t u r e  s t r e s s  could  be reduced  by 
s h o r t e n i n g  t h e  d u r a t i o n  of on and o f f  p e r i o d s  i n  t h e  c a n a l  r o t a -  
t i o n .  There  i s  a l s o  c o n s i d e r a b l e  w a s t a g e  t o  d r a i n s  a t  n i g h t  when 
fa rmers  do n o t  commonly i r r i g a t e  due t o  t h e  problems of s u p e r v i s i n g  
a t  n i g h t  t h e  l i f t i n g  of w a t e r  by an imal -d r iven  s a k i a s .  The EWUP 
P r o j e c t  i s  a l s o  e v a l u a t i n g  t h e  i n e q u i t a b l e  d i s t r i b u t i o n  of  w a t e r  
among c u l t i v a t o r s  on a  channe l  - tlie s o - c a l l e d  ' t a i l e n d e r  ' problem. 
Apar t  from t h e  t e c h n i c a l  r e s u l t s ,  t h e  p r o j e c t  i s  p r o v i d i n g  u n i q u e  
m u l t i d i s c i p l i n a r y  ' f i e l d '  t r a i n i n g  f o r  E g y p t i a n  t e c h n i c i a n s .  
Modern iza t ion  of t h e  I n t e r m e d i a t e  Svstem 
101) Bes ides  b e t t e r  on-farm w a t e r  d i s t r i b u t i o n ,  t h e  ' i n t e r m e d i a t e  sys -  
tem' (mainly minor c a n a l s  ups t ream of t h e  meska) w i l l  need improve- 
ment and m o d e r n i z a t i o n .  A s  w a t e r  grows i n c r e a s i n g l y  s c a r c e ,  im- 
provements l e a d i n g  t o  more e f f i c i e n t  w a t e r  use  might w e l l  i n c l u d e  
one o r  more of  t h e  f o l l o w i n g :  
- r a i s i n g  t h e  meska f o r  g r a v i t y  f l o w ;  
- l i n i n g  t h e  meska, ~ a r t i c u l a r l y  i n  sandy s o i l s ;  
- pumping from t h e  meska t o  t h e  f i e l d ;  
- puvping f rom t h e  minor c a n a l  t o .  t h e  meska; 
- r a i s i n g  t h e  minor  c a n a l ;  
- improving t h e  c o n t r o l  s t r u c t u r e s  on t h e  minor ,  o r  more s e n i o r ,  
c a n a l s  ; 
- on-farm d r a i n a g e  and /o r  more s e n i o r  d r a i n s ;  , - 
- farmer  a s s o c i a  t i o n s / f  armer t r a i n i n g .  
The s t r a t e g y  o f  s u c h  upgrad ing  would be t o  worlc from t h e  fa rm f i e l d  
outwards  , d o i n g  a l l  t h a t  was n e c e s s a r y  t o  a c h i e v e  f  a rm- leve l  con- 
t r o l  t o  r a i s e  y i e l d s .  Given t h a t  t h e  ' t a i l e n d e r '  problem is  c l e a r l y  
of l e s s  impor tance  i n  some a r e a s  t h a n  i n  o t h e r s ,  and t h a t  t h e  
s h o r t a g e  of w a t e r  i n  some commands i n  peak reqclirenlent p e r i o d s  
v a r i e s  from p l a c e  t o  p l a c e ,  such  in~provement  might  a l r e a d y  b r i n g  
s u f f i c i e n t  b e n e f i t s  i n  some a r e a s  t o  j u s t i f y  them under c u r r e n t  
c ropp ing  p a t t e r n s .  Tllerc i s  l i t t l e  r e s e a r c h  eviclence a s  y e t  t o  malte 
p r e l i m i n a r y  judgcments a s  t o  which a r e  t h e  p r i o r i t y  a r e a s  and 
whether  such  improvements would i n c r e a s e  a g r i c u l t u r a l  procluctiorl 
s u f f i c i e n t l y  t o  c o v e r  ' the  c o s t s  i n v o l v e d .  
102) A 1  though c r o p p i n g  i n t e n s i t y  i s  a l r e a d y  n e a r l y  200%, i t  cou ld  move 
t o  s t i l l  h i g h e r  i n t e n s i t i e s  w i t h  more r a p i d l y  matur ing  c r o p  v a r -  
i e t i e s  and a l t e r n a t i v e  f o r a g e  sys tems  f o r  improved l i v e s t o c k .  T h i s  
s o r t  of  q u a l i t a t i v e  improvement, however,  would r e q u i r e  s i g n i f i c a n t  
change i n  p o l i c i e s  and p r a c t i c c s  now i n h i b i t i n g  a p p r o p r i a t e  incen-  
t i v e s .  A s t a r t  113s bcen made on c o l l e c t i n g  t h e  needed e v i d e n c e .  
Three  c a n a l  cor:u!!ands have bcen anh lyzcd  by t h e  so-cal lc t l  'Llatcr 
Pias t c r  P l a n  ~ 7 r g a n i z n t i o u '  wliicli p l a n s  t o  complcre a n  a n a l y s i s  of  
w:ltcr d i s t r i b u t i o n  and u s c  on L l ~ e  remaining cnr~,i l  co~ilrllands. 
l ! o d e r n i z a t i o n  of t h e  i-lnin Svstem 
103) The a r e a  corr~nanded (2 .8  m i l l i o n  h a  i n  t h e  Old Lands and t h e  Old-New 
Lands) i s  s e r v e d  by a network of c a n a l s  and i r r i g a t i o n  c h a n n e l s ,  
t h e  t o t a l  l e n g t h  of  w h i c l ~  has  i n c r e a s e d  from 25,000 km i n  1965 t o  
o v e r  30,000 k!11 i n  1980. The l ~ i s t o r i c  p r o c e s s  of p l a n n i n g  ancl d e s i g n  
have deternli l lcd t h e  s y s  tcnl 's b a s i c  t c c l ~ r ~ o l o g y  and i t s  nicans of op- 
e r a t i o n .  The main l i m i t a t i o n s  i n c l u d e :  l i m i t e d  c o n t r o l  i n  w a t e r  
d e l i v e r y  sys tem,  which o p e r a t e s  by channel. l e v e l s  r a t h e r  t h a n  by 
f l o w  measurements;  command a r e a  w a t c r  d u t y  based on p a s t  o b s e r v e d  
d i v e r s i o n s  r a t h e r  t h a n  matching c r o p  n e e d s ;  supply  of w a t e r  t o  t h e  
d i s t r i b u t i o n  c h a n n e l s  on a  r o t a t i o n  sys tem t h a t  a l t e r n a t e s  on-off  
t ime p e r i o d s ,  v a r y i n g  s e a s o n a l l y  w i t h  c r o p p i n g  p a t t e r n s ;  and t h e  
need f o r  most f a r m e r s  t o  l i f t  w a t c r ,  r a t h e r  t h a n  have w a t e r  pro-  
v i d e d  by g r a v i t y  f low.  Aggrava t ing  t h e  combined e f f e c t  of t h e s e  
sys tem c h a r a c t e r i s t i c s  i s  a  huge bnclclog of  d e f e r r e d  main tenance .  
S t u d i e s  a l s o  show t h a t  ' a v a i l a b l e  w a t e r  i s  n o t  always e q u i t a b l y  d i s -  
t r i b u t e d .  Also  some c a n a l s ,  such  a s  Dahr Yousaf and Bahr S a g h i r ,  
have i n a d e q u a t e  c a p a c i t y  t o  d e l i v e r  peak p e r i o d  f l o w  demand. 
104) Although i t  a p p e a r s  t h a t  t h e r e  i s  more o r  l e s s  enough w a t e r  t o  sup- 
p o r e  t h e  e x i s t i n g  a g r i c u l t u r a l  p r o d u c t i o n  on t h e  Old Lands under  
p r e s e n t  c o n d i t i o n s ,  f u t u r e  i n c r e a s e s  i n  p r o d u c t i o n  w i l l  b e  c r i t i -  
c a l l y  dependen t  on a d e q u a t e  s u p p l i e s  i n  t h e  peak months and add i -  
t i o n a l  w a t e r  w i l l  b e  r e q u i r e d .  It i s  n o t  known whe ther  c a n a l  
c a p a c i t y  i s  s u f f i c i e n t  t o  d e l i v e r  t h e  i n c r e a s e d  peak volumes.  I t  i s  
t h o u g h t ,  however,  t h a t  d e l i v e r i e s  i n  t h e  p r imary  and secondary  
c a n a l s  cou ld  b e  i n c r e a s e d  by 10-202 w i t h o u t  problems,  b u t  t h a t  some 
of t h e  s t r u c t u r e s  would have t o  be  r e h a b i l i t a t e d  t o  a c h i e v e  t h i s  
g o a l .  The t e r t i a r y  sys tem would howcvcr need no p h y s i c a l  modi f i ca -  
t i o n  and d e l i v e r i e s  cou ld  b e  i n c r e ~ s e d  by l e n g t h e n i n g  t h e  ' o n '  
p e r i o d  i n  t h e  c a n a l  r o t a t i o n .  
105) I n  sum, t h e  main-canal  sys tem c a p a b i l i t y  i s  n o t  conduc ive  t o  pro- 
v i d i n g  t h e  Old Lands t h e  c o r r e c t  amount of w a t e r  t o  meet c rop  
e v a p o t r a n s p i r a t i o n  n e e d s ;  t h e r e  i s  e x c e s s  a t  t ime and a t  p l a c e s ,  
and d e f i c i e n c i e s  a t  o t h e r s .  The b a s i c  d e s i g n ,  o p e r a t i o n  and inade-  
q u a t e  main tenance  p l a c e  a n  upper  l i m i t  on t h e  performance l e v e l s  
which a r e  a c h i e v a b l e .  The sys tem h a s  long  s u p p o r t e d  a n  impressive 
e f f o r t  i n  i r r i g a t e d  a g r i c u l t u r e ,  b u t  i s  i n c r e a s i n g l y  p r o v i n g  a  
c o n s t r a i n t  f o r  t h e  needs  of modern and f u t u r e  a g r i c u l t u r e .  
O p e r a t i n g  t h e  System 
106) Lake h a s s e r  w a t e r  i s  r k l e a s e d  a c c o r d i n g  t o  a  t e n t a t i v e  s c h e d u l e  
p r e p a r e d  ~ r i o r  t o  t h e  i r r i g a t i o n  s e a s o n .  The sys tem f o r  a l l o c a t i n g  
w a t e r  t o  v a r i o u s  u s e s  and f o r  a c c o u n t i n g  l o s s e s  and g a i n s  i s  
d e r i v e d  p r i m a r i l y  from e x p e r i e n s e .  F o r  a g r i c u l t u r a l  u s e  t h e  w a t e r  
i s  p r o r a t e d  a c c o r d i n g  t o  s e a s o n a l  e s t i m a t e s  of e f f e c t i v e  i r r i g a b l e  
a r e a  and g e n e r a l  wa te r -use  v a l u e s  and t h e n  a d j u s t e d  f o r  o v e r a l l  
c l i m a t e ,  s o i l s ,  s u g a r  cane  and r i c e .  The w a t e r  r e q u i r e m e n t s  a r e  n o t  
a d j u s t e d  f o r  m i c r o - c l i m a t i c  f a c t o r s .  
107) A minimum r e l e a s e  of 6  m i l l i o n  m 3  p e r  day i s  made f o r  n a v i g a t i o n  
and d o m e s t i c  u s e  e x c e p t  d u r i n g  t h e  c a n a l  c l o s u r e  p e r i o d  i n  ~ a n u a r ~ '  
when d a i l y  minimum r e l e a s e s  of 80.7 m i l l i o n  m 3  f o r  hydl-o p r o d u c t i o n  
a r e  needed.  Water d i s t r i b u t i o n  w i t h i n  a  c a n a l  conunand i s  e s s e n t i a l -  
l y  c o n t r o l l e d  by t h e  p a t t e r n  of w a t c r  s u p p l y  d i v e r t e d  o r  pumped 
i n t o  t h e  c a n a l .  The main w a t e r  d i s t r i b u t i o n  o b j e c t i v e  a t  t h e  
r e g i o n a l  l e v e l  i s  t o  t r y  t o  m a i n t a i n  e q u i t y  of supp ly  th roughout  
t h e  s e r v i c e  a r e a ,  e s p e c i a l l y  t o  t h e  t a i l  r e a c h e s  d u r i n g  p e r i o d s  of  
h i g h  demand. Toge the r  w i t h  t h e  l i m i t e d  c o n t r o l  and l a c k  of  f l e x i -  
b i l i t y  w i t h i n  t h e  c a n a l  sys tem,  howcvcr,  t h i s  limits t h e  s c o p e  f o r  
r e s p o n s e  t o  v a r i a t i o n s  i n  demand. 
Closed f o r  c l e a n i n g .  
108) The F l i n i s t r y  of  I r r i g a t i o n  t r a d i t i o n a l l y  p r e p a r e d  i n f o r m a t i o n  on 
sys tem w a t e r  r e q u i r e m e n t s  and w a t e r  u s e  by q u a n t i f y i n g  g r o s s  in -  
f lows  and o u t f l o w s  t o  and from cropped a r e a s .  Gross a v e r a g e s  can  
however l e a d  t o  i n a c c u r a t e  i n f o r m a t i o n  and c e r t a i n l y  i n c o r r e c t  
c o n c l u s i o n s  f o r  a  s p e c i f i c  a r e a .  There  a r e  v a r y i n g  e s t i m a t e s  on 
what c o n s t i t u t e s  g r o s s ,  n e t  i r r i g a b l e ,  i r r i g a t e d  and h a r v e s t e d  
a r e a s  f o r  t h e  e n t i r e  N i l e  Bas in  o r  w i t h i n  i t  f o r  a  g i v e n  c a n a l  
command. The problems a r e  g r e a t e r  i n  t h e  D e l t a  t h a n  i n  Upper Egypt .  
Data  on d r a i n s  emptying i n t o  t h e  c a n a l s  a r e  n o t  a v a i l a b l e ,  and t h e  
o u t f l o w s  from t h e  N i l e  D e l t a  a r e  n o t  f u l l y  t a b u l a t e d .  P r e c i s e  
i n f o r m a t i o n  t h u s  i s  lacicing a b o u t  how w a t e r  i s  d i s t r i b u t e d  and used 
w i t h i n  t h e  o v e r a l l  sys tem.  
109) Although a v a i l a b l e  d a t a  ( c r o p  consump t i o n  u s e ,  w a t e r  d u t i e s ,  a c t u a l  
d e l i v e r i e s ,  e t c . )  i n d i c a t e  t h a t  o v e r a l l  w a t e r  s u p p l i e s  a r e  s u f f i -  
c i e n t  on a n  a n n u a l  b a s i s ,  e x c e p t  p o s s i b l y  i n  Fayoum c a n a l  command, 
when monthly d e l i v e r i e s  a r e  talcen i n t o  a c c o u n t ,  a  d i f f e r e n t  p i c t u r e  
emerges.  A s h o r t f a l l  i s  i n d i c a t e d  of up t o  25% o r  1 . 5  b i l l i o n  m 3  o f  
t h e  c o n s u x p t i v e  u s e  r e q u i r e m e n t ,  a f f e c t i n g  n e a r l y  50% of t h e  irri- 
g a t e d  a r e a  d u r i n g  t h e  peak w a t e r  demand s e a s o n  ( June ,  J u l y ,  A u g u s t ) .  
However, t h e  obse rved  e f f e c t  on c r o p s  of  w a t e r  s h o r t a g e s  d u r i n g  t h e  
peak s e a s o n  does  n o t  s u p p o r t  a  25% s h o r t f a l l  i n  c rop  r e q u i r e n e n t s  
s i n c e  t h e  e x i s t i n g  l e v e l  of y i e l d s  cou ld  n o t  be  o b t a i n e d  i f  t h e  
c r o p s  were  a c t u a l l y  25% s h o r t .  somi? s t r e s s  i s  obse rved  i n  t h e  peak 
growing s e a s o n ,  n e v e r t h e l e s s ,  p a r t i c u l a r l y  a t  t h e  t a i l  end of minor  
c a n a l s  and t h e  end of  t h e  meska. Of-sevekal  p o s s i b l e  e q l a n a t i o n s  
f o r  t h e  s h a r p  d i f f e r e n c e  between t h e o r e t i c a l  and a c t u a l  i r r i g c ' t i o n  
r e q u i r e m e n t s ,  t h e  t h r e e  most l i k e l y  a r e  : 
a )  c r o p s  make up t h e i r  r e q u i r e m e n t s  from t h e  h i g h  \ r a t e r t a b l e .  Tll is  
i s  p robab ly  f o r  c o t t o n ,  t,rllich i s  deep r o o t e d ,  and cou ld  be i m -  
po r  t a n t  f o r  o t h e r  c r o p s  through upward c a p i l l a r y  movcmcr~t of 
m o i s t u r e  th rough  t h e  s o i l ;  
b)  f a c t o r s  o t h e r  t h a n  w a t e r  s u p p l y  a r e  l i m i t i n g  c r o p  y i e l d ,  e.:;. , 
low p l a n t  p o p u l a t i o n  i n  maize  due t o  s t r i p p i n g  of  l e a v e s  and 
removal of p l a n t s  t o  f e e d  l i v e s t o c l c ;  and 
c )  t h e  c f f c c t  01 u r b a n i z a t i o n  ( s e e  below) and t h e  l o s s  o i  a g r i c u l -  
t u r a l  l a n d  a r e  n o t  f u l l y  r e f l e c t e d  i n  t h e  a g r i c u l t u r a l  s t a t i s -  
t i c s ,  w i t 1 1  t h e  r e s u l t  t h a t  c rop  n r c a s  a r e  o v e r  e s t i rnn ted  ant1 ~ 1 1 e  
c r o p s  r e c e i v e  approx imate ly  enough w a t e r  even though t h e  i r r i g a -  
t i o n  w a t e r  d u t y  i s  u n d e r e s t i m a t e d .  
110) With t h e  i n f o r m a t i o n  a v a i l a b l e  'rit p r e s e n t  i t  i s  h a r d  t o  s a y  whe the r  
c a p i t a l  invcs tn ien t  w i l l  be  r e q u i r e d  t o  rernedy t h i s  s i t u a t i o n ,  f o r  
s e v e r a l  r c a s o n s .  F i r s t ,  of  some 50 c a n a l  conunands, d e t a i l c d  w a t e r  
b a l a n c e s  hLl.ve been p r e p a r e d  f o r  on ly  t h r e e .  Data f o r  t h e  remain ing  
co~runands a r e  based on rough b a l a n c e s  o n l y .  I r  woulcl a p p e a r  p o s s i b l e  
t o  modify t h e  o p e r d t i o n  of t h e  High Dam t o  i n c r e a s e  r e l e a s e s  from 
J u n e  through .\uy,ust t o  make good t h e  e s t i m a t e d  s h o r t f a l l  of abou t  
1.5 b i l l i o n  n i 3  b u t  ~ ~ i t h o u t  fil-n:cr c v i d e n c e  i t  may be  b c t t c r  t o  
c o n s e r v e  w a t c r  i n  Lril;c N;isser Tor pcal: h y d r o - e l e c t r i c  generation i n  
t h e  w i n t e r .  F u l l  a n ~ l y s i s  of t h e  a v a i l a b l e  d a t a  i s  o b v i o u s l y  n  h i g h  
p r i o r i t y ,  a s  i s  comple t ion  of tlie Nemcc i r r i g a t i o n  d i s t r i b u t i o n  
model. '  t l l so  o f  i n t e r e s t  i s  t h e  p o s s i b i l i t y  of  r e d u c i n g  r e l e a s e s  i n  
Oc tober  ,111d Flay a s  t r a c t o r  mechanized c u l t i v a t i o n s  i n c r e a s e .  A conL 
s i d e r a b l e  v o l u a ~ e  of w a t e r  c u r r e n t l y  i s  uscd f o r  p r c - i r r i g a t i o n  f o r  
an imal  power ( f o d d e r )  c u l t i v a t i o n .  
' A  F la t l~emat ica l  ?!odcl of  t h e  I r r i g a t i o n  Systcni i n  E g y p t ' ,  
James G .  Nemcc, 197G. 
Dra inage  S y s  tern 
111) The d r a i n a g e  sys tem f o r  e v a c u a t i n g  s u r p l u s  w a t e r  from c u l t i v a t e d  
l a n d s  comprises  some 17,500 km of open d r a i n s  s e r v i n g  rnore thad  
f i v e  m i l l i o n  feddans  ( 2 . 1  m i l l i o n  ha)  and b u r i e d  tube  d r a i n s  i n -  
s t a l l e d  i n  a n  a r e a  of abou t  1 .8  m i l l i o n  feddans  (0 .8  m i l l i o n  h a ) .  
The d r a i n a g e  o p e r a t i o n  r e q u i r e s  pumping s t a t i o n s  a t  nurnerous loca -  
t i o n s ;  t h e i r  nuntber h a s  i n c r e a s e d  f rom 52 i n  3964165 t o  9 6  i n  1980. 
1 1  2 )  I n  t h e  Old Lands s e r v i c e d  o n l y  by open d r a i n s ,  t h e  s y s  tem i s  
n e i t h e r  comple te  n o r  e f f i c i e n t .  While by 1965 some f i v e  m i l l i o n  
feddans  were p r o v i d e d  w i t h  main and b ranch  d r a i n s ,  f a rmers  r e -  
f r a i n e d  from p r o v i d i n g  f i e l d  d r a i n s  main ly  because  they cou ld  n o t  
a f f o r d  t o  l o s e  10-152 of t h e i r  l a n d  t o  t h e s e  c h a n n e l s .  The d e s i g n  
d e p t h  of w a t e r  l e v e l  i n  open d r a i n s ,  i n i t i a l l y  f i x e d  a t  1 .5  m below 
t h e  a d j q c e n t  ground l e v e l ,  was i n c r e a s e d  t o  2.5 m i n  1940. As a  
l a r g e  number of d r a i n s  s t i l l  o p e r a t e  a s  o r i g i n a l l y  c o n s t r u c t e d ,  t h e  
r e s t r i c t i v e  d e s i g n  and absence  of f i e l d  d r a i n s  l i a i t  t h e i r  c a p a b i l -  
i t y  t o  have s i g n i f i c a n t  e f f e c t  on w a t e r t a b l e .  The huge back log  of 
d e f e r r e d  main tenance  and p r o f u s e  growth of  weeds i n  most of t h e  
d r a i n s  have reduced  t h e i r  e f f i c i e n c y  f u r t h e r .  
113) Decades of p e r e n n i a l  i r r i g a t i o n ,  a g g r a v a t e d  by w a s t e f u l  u s e  of  s u r -  
p l u s  w a t e r s  f rom t h e  High Dm, have l e d  t o  a r i s e  i n  t h e  w a t e r t a b l e  
t o  t h e  e x t e n t  t h a t  p o t e n t i a l  c r o p  y i e l d s  i n  t h e  g r e a t e r  p a r t  of 
n o n - t i l e d  a r e a s  have been c o n s t r a i n e d  f-rom s l i g h t l y  t o  s e v e r e l y .  
\ \ h e r e  t i l e  d r a i n s  have been i n s t a l l e d  and a r e  m a i n t a i n e d  p r o p e r l y ,  
a n a l y s e s  of c r o p  d a t a  i n d i c a t e  y i e l d  i n c r e a s e s  of 12-162 r e s u l t i n g  
from improved d r a i n a g e .  Encouraged by t h e s e  r e s u l  t s  , t h e  government 
p l a n s  t o  p r o v i d e  t i l e  d r a i n a g e  i n  most  of t h e  r e s t  of t h e  Old 
Lands.  A t  t h e  p r e s e n t  r a t e  of p r o g r e s s  i t  ~ ~ o u l d  t a k e  a n o t h e r  f i v e  
y e a r s  t o  complete  t h e  more t h a n  one m i l l i o n  feddans  s t i l l  undra incd  
wi t l l in  on-going p r o j e c t s  and a  f u r t h e r  t e n  y e a r s  t o  d r a i n  tile 
remain ing  a r e a  i n  t h e  Old Lands,  l e t  a l o n e  t a k e  c a r e  of t h e  problem 
i n  t h e  Old New Lands.  
' The Sew-Nev Lands 
114) tZ major  c o n s t r a i n t  t o  i n c r e a s i n g  a g r i c u l ' t u r a l  p r o d u c t i o n  i n  t h e  Old 
Lands i s  t h e  l a r g e  and a c c e l e r a t i n g  l o s s  of i r r i g a t e d  c rop  l a n d  t o  
n o n - a g r i c u l t u r a l ,  ma in ly  u r b a n  Gses .  The amounts l o s t  o v e r  t h e  17 
y e a r s  end ing  197s were 470,000 f e d d a n s ,  o r  abou t  940,000 f e d d n ~ ~ s  of
a n n u a l  c r o p s ,  e q u i v a l e n t  t o  a b o u t  8% of t h e  cropped a r e a .  The an- 
n u a l  r a t e  of l o s s  a p p e a r s  t o  be  a c c e l e r a t i n g  s i n c e  e s t i m a t e s  shov 
t h a t  pe rhaps  35,000-GO,C00 f e d d ~ i n s  were  l o s t  a n n u a l l y  i n  1977-80. 
I f  t h e s e  r a t e s  c o n t i n u e ,  some h a l f  a  m i l l i o n  feddans  - more o r  l e s s  
e q u i v a l e n t  t o  one m i l l i o n  fcddans  of a n n u a l  c r o p s  -  ill have d i s -  
appeared by t h e  encl of t h e  c e n t u r y .  Thus t h e  a g r i c u l t u r a l  s e c t o r ,  
on a reduced O l d  Lands b a s e ,  must add some 162 (1/6)  t o  c u r r e n t  
t o t a l  o u t p u t  o v e r  t h e  n e x t  two decades  j u s t  t o  o f f s e t  t h i s  l o s s .  
115) P a r t l y  t o  o f f s e t  t h e  l o s s  of l a n d  t o  u r b a n i z a t i o n  b u t  a l s o  f o r  
o t h e r  r e a s o n s ,  Egypt p l a n s  f u r t h e r  r e c l a m a t i o n  i n  t h e  so-cnllecl  
'New-New Lands '  covcr i l lg  pe rhaps  600,000 ha 1.ocated mainly  i n  t h e  
N i l e  D e l t a  b o r d e r i n g  t h e  M e d i t e r r a n e a n  o r  i n  S i n a i .  S i n c e  most o f  
t h e s e  lrlnds have s o i l s  w l ~ i c h  a r e  d i f f i c u l t  t o  111a:13gc os ~ S C  ant: 
e l e v a t i o n s  r e q u i r i n g  r e l a t i v e l y  h i g h  punlping l i f t s  and i n  view of 
t h e  l i m i t e d  s u c c e s s  ach ieved  i n  t h e  Old-New Lands,  a  v e r y   high^ 
premium i s  p l a c e d  on adequa te  p r o j e c t  s e l e c t i o n ,  a n a l y s i s ,  d e s i g n  
and implementa t ion.  
116) Mexico i r r i g a t e s  a l m o s t  5 .5  m i l l i o n  h 3  w i t h  y i e l d s  and wa te r -use  
e f f i c i e n c i e s  g e n e r a l l y  above world-wide a v e r a g e s .  Water i s ,  how- 
e v e r ,  i n  s h o r t  s u p p l y  i n  most of t h e  c o u n t r y .  A s  a r e s u l t  of r a p i d  
u r b a n i z a t i o n ,  i r r i g a t i o n  i n  t h e  C e n t r a l  P l a t e a u  w i l l  have t o  b e  
r e s t r i c t e d  a n d / o r  water-use  e f f i c i e n c y  w i l l  have t o  be  s u b s t a n t i a l -  
l y  i n c r e a s e d .  On t h e  P a c i f i c  Coas t ,  expans ion  of t h e  i r r i g a t e d  a r e a  
i s  s t i l l  p o s s i b l e  a l t h o u g h  of h i g h  c o s t  p e r  ha.  Mexico p l a n s  t o  
doub le  t h e  a r e a  i r r i g a t e d  by t h e  y e a r  2000, t o  c o n c u r r e n t l y  reha-  
b i l i t a t e  and d r a i n  abou t  a  f o u r t h  of t h e  a r e a  p r e s e n t l y  i r r i g a t e d  
and t o  f u r t h e r  improve wa te r -use  e f f i c i e n c y  main ly  th rough  l a n d  
l e v e l l i n g .  F o r  t h e s e  p u r p o s e s ,  FIexico p l a n s  t o  spend $ 3  b i l l i o n  p e r  
y e a r  1982-90 and $ 4  b i l l i o n  p e r  y e a r  1990-2000 (1980 d o l l a r s ) .  
117) In t h e  Gulf C o a s t ,  Fiexico h a s  a n  e x t e n s i v e  t rop ica l -humid  zone w i t h  
r e l a t i v e l y  good s o i l s  i n  pe rhaps  4 m i l l i o n  h a .  The development 
problems h e r e  concern  d r a i n a g e  a n d , f l o o d  c o n t r o l  ( supp lementa l  
i r r i g a t i o n  would come i n  l a t e r ) ,  l a n d  s e t t l e m e n t ,  f a r m e r s '  organ- 
i z a t i o n ,  and a d o p t i o n  of  a p p r o p r i a t e  t e c h n o l o g i c a l  pacliages and 
fa rming  s y s  terns. S e v e r a l  p i l o  t p r o j e c t s  a r e  uncler.r.ray t o  i n d i c a t e  
s o l u t i o n s  of t h e s e  problems.  
118) During d i s c u s s i o n s  w i t h  t h e  Study Team, Mesican o f f i c i a l s  s t a t e d  
they  have welcomed i n t e r n a t i o n a l  s u p p o r t  i n  t h e  p a s t  and would f u r -  
t h e r  welcome i t  i n  t h e  f u t u r e  p a r t i c u l a r l y  a s  r e g a r d s  ways t o  
f u r t h e r  i n c r e a s e  <.rater-use e f f i c i e n c y  , avo id  s a l i n i t y  and deve lop  
a p p r o p r i a t e '  f a r m i n g  sys tems w i t h  w a t e r  c o n t r o l  i n  t h e  t r o p i c a l -  
hw-lid zone ( t l lus  f a r  they have l i t t l e  e:cperiencc i n  t h i s  k ind  o f  
environment)  . 
1 19) With r e s p e c t  t o  wa te r -use  ef  f i c i e n c y ,  which now a v e r a g e s  a b o u t  40 
t o  50X o v c r a l l ,  blcsiccln o f E i c i a l s  a r c  d c v c l o p i n g  ancl a d a p t i i ~ g  
t r i c k . l e  systerns f o r  h igh-value  c r o p s  b u t  thinlc t h a t  t h e  b i g g e s t  
impact  w i l l  conle from i n c e n t i v e s  t o  f a r m e r s  t o  c o n s e r v e  w a t e r  on 
t h e  much more e: i tensive.medium-yalue c r o p s .  The o f f i c i a l s  f e e l  
h i g h e r  w a t e r  c h a r g e s  w i l l  have o n l y  l i m i t e d  e f f e c t  and would r a t h e r  
l i k e  t o  have i d e a s  and r e s u l t s  of r e s e a r c h  on o t h e r  ways such  a s  
r o t a t i o n a l  w a t e r  s u p p l y  and p o s s i b l y  some s o r t  of schcmcs f o r  
r a t i o n i n g  of w a t e r .  
SUDAN 
120) The G e z i r a  schcrnc, 900,000 h a  i n  e x t e n t  and i n  o p c r a t i o l ~  o v c r  50 
y e a r s ,  s u f f e r s  fro111 major d e f e r r e d  ~ n a i n t e n a n c e  ?nd  p r i c e  po l i c i r : s  
t h a t  d i s c o u r a g e  f a~-nicrs  from growing t h c  rnos t v a l u a b l e  c rop  : cot-  
t o n ,  t h e  oll tpu  t of i.rhich has  been s t e a d i l y  d e c r e a s i n g .  ?Iechanical -  
c u l t i v a t i o n  cquipr~lent  o p e r a t e d  by t h e  G c z i r a  Bor~~:cl a l s o  s u f f e r s  
from i n a d e q u n t c  main tenance  and l a c k  of s p a r e  part:; .  Oil-f;irm w a t e r  
managenlent i s  l e s s  t11a11 optimu~n c a u s i n g  low wate r -use  c f f i c i c n c i c s .  
Improved i r r i g a t i o l l  managcmcu t i s  ncedcd f o r  bo t l 1  'w : l~e r  Inanage- 
ment t  and ' e n t e r p r i s e - t y p e  n~anagemcut ' .  A group of c o n s u l t a n t s  i n  
cooper: l t ion w i t h  Sutlanese of f i c i n l s  i s  p r e p a r i n g  n r e h a b i l i  t a  t i o n  
p l a n  f o r  G e z i r a .  
121) Another l a r g e  scheme, Rahad, which i s  s t i l l  under  c o n s t r u c t i o n ,  
w i l l  deve lop  s i m i l a r  p rob lems ,  u n l e s s  r e m e d i a l  a c t i o n s  s i m i l a r  t o  
t h o s e  f o r  G e z i r a  a r e  under taken .  
I r r i g a t i o n  h a s  been p r a c t i c e d  f o r  c e n t u r i e s  b u t  based on run-of-  
r i v e r  d i v e r s i o n s  w i t h  s i n g l e  c r o p p i n g  of r i c e .  The f i r s t  s t o r a g e  
dam, Upper Pampanga, completed 1969, e n a b l e d  d o u b l e  c r o p p i n g  of 
r i c e  f o r  t h e  f i r s t  t ime.  The a r e a s  s e r v e d  by t h i s  dam, 78,000 h a ,  
g i v e  good y i e l d s  b u t  t h e  p r o j e c t  h a s  n o t  f u l l y  matured a s  y e t  s o  
t h a t  a d j u s t m e n t s  have s t i l l  t o  be  made t o  e n s u r e  f u l l y  e q u i t a b l e  
d i s t r i b u t i o n  and b e t t e r  d r a i n a g e  e s p e c i a l l y  i n  lower  p o r t i o n s  o f  
t h e  c a n a l  command. Another m a j o r  dam, Magat,  i n  Nor the rn  Luzon i s  
a b o u t  1!2 b u i l t  and w i l l  s e r v e  100,000 ha .  
123) About 470,000 ha a r e  s e r v e d  by n a t i o n a l  sys tems under  t h e  N a t i o n a l  
I r r i g a t i o n  A d m i n i s t r a t i o n  (NIA) w h i l e  some 550,000 h a  a r e  s m a l l  
c o m u n a l  sys tems o p e r a t e d  by fa rm communi t ies .  Many of t h e  s m a l l  
sys tems  a r e  now b e i n g  upgraded th rough  j o i n t  e f f o r t s  of t h e  comiu- 
n a l s  and N I A .  T h i s  program seems t o  b e  go ing  w e l l  b u t  w i l l  need 
m o n i t o r i n g  t o  e n s u r e  c o n t i n u e d  o p e r a t i o n  and main tenance  of up- 
g raded  schemes. 
124) L a r g e l y  a s  a  r e s u l t  of  i t s  i r r i g a t i o n  program, t h e  c o u n t r y  i s  now 
s e l f - s u f f i c i e n t , i n  r i c e  ( t h e  main c r o p ) .  The a r e a ,  y i e l d  and pro-  
d u c t i o n  of  r i c e  i n c r e a s e d  f rom 1970 t o  1979 a s  f o l l o r i s :  
Area (1000 ha)  
Yie l c l  ( t ons l l ln )  
P r o d u c t i o n  (1000 t o n s )  
125) D e s p i t e  t h i s  good r e c o r d ,  o p e r a t i o n  and maintenance of t h e  i r r i g a -  
t i o n  sys tems i s  s e r i o u s , l y  d e f i c i e n t :  s o  t h a t  h a l f  of t h e  n a t i o n a l  
s y s  tems a r e  i n  need of  r e h a b i l i t a t i o n .  To deve lop  manpower t o  t a k e  
on the t a s k  of b e t t e r  o p e r a t i o n  and n ~ a i n t e n a n c e  of b o t h  main and 
on-farm sys tems ,  N I A  i n  1975 s t a r t e d  t r a i n i n g  programs c e n t e r e d  on 
t h e  Upper Pampanga sys tem and ,  l a t e r  o n ,  3n i n p u t - o u t p u t  m o n i t o r i n g  
program f o r  a g r i c u l t u r a l  development  p l a n s  i n  newly developed o r .  
r e h a b i l i t a t e d  sys tems .  Both programs d e a l  w i t h  c r i t i c a l l y  f e l t  
needs  and h o p e f u l l y  w i l l  c o n t i n u e  t o  have  p r i o r i t y  and h i g h - l e v e l  
s u p p o r t .  I n  a d d i t i o n ,  a  h i g h e r  b u d g e t a r y  a l l o c a t i o n  t o  o p e r a t i o n  
and maintenance,  and t o  r e h a b i l i t a t i o n  ( r a t h e r  than  c o n s t r u c t i o n  of 
new p r o j e c t s )  would seem d e s i r a b l e .  
126)  A nur~iber of  rnanagcrlent i n n o v a t i o n s  i n  The Philippines d c s c r v c  
s p e c i a l  ment ion.  
EIain Svs tern Flanaaement 
127) J o i n t  a c t i o n  r e s e a r c h  by N I A  and I R R I  has  been u n d c r t a l i e ~ ~  s i n c e  t h e  
e a r l y  1970s ( s e e  e . g .  Blluiyan 1930, E a r l y  1980, and IRRI Annual 
Repor ts  and Research ~ I i g l i l i ~ h t s )  . Redis  t r i b u t i o n  of w a t e r  from head 
r e a c h e s  t o  t a i l e n d s ,  coup led  w i t h  i n c r e a s e d  r e s p o n s i v e s  o f  w a t e r  
s u p p l y  t o  r a i n f a l l  ( r e d u c i n g  f l o o d i n g ) ,  and i n c r e a s e d  r e l i a b i l i t y  
o f  s u p p l y ,  l e d  t o  i n c r e a s e s  i n  p r o d u c t i o n  f o r  a l l  f a rmers  ( V a l e r a  
and Wickham 1976;  E a r l y  1980).  T h i s  i n c l u d e d  t h o s e  i n  t h e  head 
r e a c h e s ,  a l t h o u g h  t h e  g a i n s  i n  t h e  t a i l s  were  l a r g e s t .  T h i s  work 
was conducted i n  t h e  Lower T a l a v e r a  and Upper Pampanga Systems.  The 
Upper Pampanga I n t e g r a t e d  I r r i g a t i o n  System (.UPRIIS) a l s o  has  a  
m o n i t o r i n g  sys tem w i t h  a n  a n n u a l  m o n i t o r i n g  r e p o r t  produced by con- 
s u l t a n t s .  UPRIIS sys tem a r e  w e l l  deve loped ,  w i t h  r a d i o  communica- 
t i o n s  and r e g u l a r  r e p o r t i n g  of l o c a l  c o n d i t i o n s  t o  a  c o o r d i n a t i n g  
c e n t r e .  The management i n n o v a t i o n s  have n o t  y e t  s p r e a d  wide ly  i n  
The P h i l i p p i n e s ,  a l t h o u g h  t h e y  have been t r i e d .  One r e a s o n  may b e  
t h a t  e k t e n s i v e  d i s c u s s i o n s  w i t h  f a r m e r s  b e f o r e  changes  were  i n t r o -  
duced may a c c o u n t  f o r  t h e  s u c c e s s  of  t h e  a c t i o n  r e s e a r c h ,  and may 
n o t  have been  a d e q u a t e l y  r e p l i c a t e d .  
On-Farm Development 
128) On-farm (below t h e  o u t l e t )  development work of N I A  and IRRI h a s  
invo lved  f a r m e r  p a r t i c i p a t i o n ,  and compar isons  of l a y o u t s  of  paddy 
f i e l d s  a s  p r e p a r e d  by d i f f e r e n t  methods ,  i n c l u d i n g  by f a r m e r s  them- 
s e l v e s .  The c o n c l u s i o n  h a s  been t h a t  f a r m e r s '  l a y o u t s  a r e  g e n e r a l l y  
s u p e r i o r  t o  t h o s e  of  d e s i g n  e n g i n e e r s  u s i n g  c o n t o u r  maps. Three  
p r o c e d u r e s  have been found e f f i c i e n t  and a r e  now v a r i o u s l y  p rac -  
t i c e d :  
I )  involvement  of f a r m c r s  i n  a p p r a i s a l  and rlesign from the  o u t s e t .  
T h i s  include's f a r m e r s  and e n g i n e e r s  wa lk ing  t o g e t h e r  th rough  t h e  
a r e a .  Thc ' p a r t i c i p a t i o n '  i n  whic!~ a d e s i g n  p r e p a r e d  by engin-  
e e r s  i s  p r e s e n t e d  t o  f a r m e r s  f o r  t h e i r  cornmcnts o r  o b j e c t i o n s  i s  
n o t  fo l lowed .  
2) f a r m e r s  a r e  t a u g h t  h o ~ ~  t o  map t h e i r  p a d d i e s ,  and p r e p a r e  maps 
u s i n g  s i m p l e  measur ing methods and a  ' b a c k  b o a r d ' .  
3) a  ' cus tom f i t '  t e c h n i q u e  i s  used i n  d e s i g n  s t a r t i n g  from t h e  
t a i l  of  t h e  o u t l e t  conunand a r e a ,  and working baclcwards up 
towards t h e  o u t l e t .  
Cornmunals and P a r t i c i n a t i o n  
129) A h i g h l y  p a r t i c i p a t o r y  a p p r o a ~ h ~ ~ h a s  been deve loped ,  and i s  now be- 
i n g  ex tended ,  f o r  t h e  r e h a b i l i t a t i o n  of s m a l l  communal i r r i g a t i o n '  
sys tems .  T h i s  i n c l u d e s :  
a )  community o r g a n i z e r s .  S p e c i a l l y  t r a i n e d  community o r g a n i z e r s  
l i v e  and work i n  t h e  conir,tun~~ls f o r  some montlis b e f o r e  any worlcs 
a r e  undcr  talcen. 
b) p r o f i l e s .  Socio-  t e c h n i c a l  ~ r o f  i l e s  of conununals a r e  p r e p a r e d  
through methods of r a p i d  a p p r a i s a l  (de 10s Reycs, n . d . ) .  
C) p r o c e s s  documenta t ion .  I n  sonic c a s e s ,  d e t a i l e d  r e c o r d s  a r e  k e p t  
of t h e  p r o c e s s  of  t o  g e n e r a t e  p r a c t i c a l  i n s i g h t s ,  
and t o  ~ r o v i d c  t r a i n i n g  m a t e r i a l s  f o r  comniunity o r g a n i z e r s  and 
e n g i n e e r s .  
d )  i n i t i a t i v e  and c o n t r o l  l i e  w i t h  t h e  community. For  example ,  t h e  
conirnuni t y  l c a d c r  s i g n s  p u r c h a s c  o r d e r s ,  and n conmuni t y  coriuni t- 
t e c  checks  t h e  q u a l i t y  of m a t e r i a l s  t o  b e  used i n  c o n s t r u c t i o n .  
The e x p e r i e n c e  w i t h  t h i s  approach (Kor t e n  1981 ) lias been f a v o u r a b l e .  
A longer  p c r i o d  i s  r e q u i r e d  b e f o r e  c o n s t r u c t i o n  b e g i n s ,  b u t  a f t e r  
c o n s t r u c t i o n  t h e  conul~unity h a s  a  s e n s e  of ownership  and r e s p o n s i -  
b i l i t y  f o r  t h e  work, i n  c o n t r a s t  v.7;  tli e a r l i e r  e x p c r i e n c c s  w i t l ~ o u t  
p a r t i c i p a t i o n .  The n e x t  s t a g e s ,  when a t t e n t i o n  s h i f t s  t o  t h e  man- 
agement of t h e  a d d i t i o n a l  w a t e r  p rov ided  by r e h a b i l i t a t i o n  and new 
c o n s t r u c t i o n ,  w i l l  r e p a y  c a r e f u l  m o n i t o r i n g .  
I n s t i t u t i o n a l  Change 
130) N I A  has  a  long  h i s t o r y  of  i n s t i t u t i o n a l  i n n o v a t i o n .  I t  h a s  deve l -  
oped an openness t o  c o l l a b o r a t i v e  l e a r n i n g  - from f a r m e r s ,  and from 
r e s e a r c h  - which may have  been  a  p r e c o n d i t i o n  f o r  t h e  approaches  
l i s t e d  above. Sonie f e a t u r e s  d e s e r v e  t o  be noted when c o n s i d e r i n g  
r e p l i c a t i o n :  
a )  s t a b i l i t y  i n  p o s t .  I n  c o n t r a s t  w i t h  many i r r i g a t i o n  o r g a n i z a -  
t i o n s ,  N I A  s t a f f  a r e  u s u a l l y  i n  t h e  same p o s t  f o r  s e v e r a l  y e a r s  
a t  a  t ime.  They do n o t  a p p e a r  t o  be s u b j e c t  t o  t r a n s f e r s  a s  a  
r e s u l t  of p r e s s u r e s  from o u t s i d e  t h e  o r g a n i z a t i o n .  
b) c o n s u l t a t i v e  commi t t ees .  TWO commi t t ees ,  c h a i r e d  by N I A  b u t  w i t h  
p a r t i c i p a t i o n  f rom o t h e r  o r g a n i z a t i o n s  ( U n i v e r s i t y  of  
P h i l i p p i n e s ) ,  Los Banos, t h e  I n s t i t u t e  of P h i l i p p i n e  C u l t u r e ,  
t h e  Asian I n s t i t u t e  of Elanagement, I P J I ,  t h e  Ford Founda t ion ,  
and o t h e r s ) ,  have been i n f l u e n t i a l  i n  d e v e l o p i n g  new approaches .  
The two commit tees  a r e  ISPLIRC ( t h e  T r r i g a t i o n  Systems Xanage- 
ment Research Committee) and C I C  ( t h e  Communals I r r i g a t i o n  Com- 
m i t t e e ) .  
c )  f l e x i b l e  f u n d i n g  t o  N I A  from t h e  Ford Founda t ion  has been a  key 
f a c t o r  i n  p e r m i t t i n g  room f o r  manoeuvre w i t h i n  t h e  agency t o  
s u p p o r t  new a p p r o a c h e s .  
d)  long- term r e l a t i o n s h i p s .  Those engaged,  bo th  ~ . ~ i t l i i n  N I A  and ou t -  
s i d e ,  have worked t o g e t h e r  o v e r  the  y e a r s ,  d e v e l o p i n g  1:1utua1 
u n d e r s t a n d i n g  and t r u s t .  None of t h e  changes h a s  come abou t  
q u i c k l y .  The s t z b i l i t y  i n  p o s t  and p e r s o n a l  a t t i t u d e s  of s e n i o r  
N1-A s t a f f  has  Seen a c r i t i c a l  f a c t o r  i n  s u c c e s s .  
The F u t u r e  
13 1) I r r i g a t i o n  i n  Tlic ! ' h i l ipp ines  i s  s e t  on a c o u r s e  wliich prornises 
f u r  t l icr  i n n o v a t i o n s .  N ~ A ,  w i t h  c o l l ~ ~ b o r n t i n g  rcsea rc ! l c r s ,  i s  con- 
t i n u i n g  t o  \.?orli on f a r m e r  o r g a n i z a t i o n  and p a r t i c i p a t i o n  on l a r g e r  
s y s  t e n s ,  on communals management, and on m o n i t o r i n g  and n u i n  s y  s  tern 
management. I t  has  a business-management o r i e n t e d  C o r p o r a t e  P l a n  
f o r  1981-1990 ( N I A  1981).  I t  p roposes  t o  s e t  up a  Systems Perform- 
a n c e  E v a l u a t i o n  Team t o  a s s e s s  s y s  terns ' o p e r a t i o n ,  ma in tenance ,  
f i n a n c i a l ,  a ~ r i c u l t u r a l  and o t h e r  a c t i v i t i e s .  I t  a l s o  h a s  n  con- 
s u l  t i n g  wing,  NIACONSULT. 
The o p p o r t u n i t i e s  f o r  p e o p l e  from o t h e r  c o u n t r i e s  t o  v i s i r .  The 
P h i l i p p i n e s  and l e a r n  s y s  t e m a t i c a l l y  from t h e  expel- iences  , b o t h  
p o s i t i v e  and n e g a t i v e ,  of t h e s e  v a r i o u s  approaches ,  a r e  n o t  y e t  
s t r e z 3 l i n c d .  I n  t h e  v iew of  t h e  Study Team, t h e r e  i s  enough of 
v a l u e  t o  j u s t i f y  a s p e c i a l  e f f o r t ,  c i t l i e r  on the  p a r t  of K I A ,  o r  
i n  c o l l a b o r a t i o n  \,lit11 an o u t s i d e  agency,  t o  o r g a n i z e  v i s i t s ,  b o t h  
t o  ~ n i n i m i z e  demands on t h e  t ime  of N I A  , s t a f f ,  and t o  makc the  
vi's i t s  e f f i c i e n t .  
N L A  i s  a l r e a d y  under ta l i ing  t r a i n i n g  f o r  p e r s o n n e l  from o t h e r  coun- 
t r i e s .  At t h e  t i l ~ i e  of t h e  Study ~ e a m ' s  v i s i t ,  e n g i n e e r s  from S r i  
Lanka were t a k i n g  p a r t  i n  a  c o u r s e  a t  Elunoz, on t h e  LJPRIIS. The 
Study Tcam r e c e i v e d  a  p r o p o s a l  from SE!\RCiZ ( t h e  Soutli E a s t  As ian  
Regional  Cen t re  f o r  Gradua te  Study and Rescarch i n  A g r i . c u l t u r c ) ,  
which i s  h e a d q u a r t e r e d  a t  t h e  Campus of t h e  U n i v e r s i t y  of The 
P h i l i p p i n e s ,  Los Banos, f o r  t h e  es tab l . i shment  of a  C e n t r e  f o r  
I r r i g a t i o n  Management i n  S o u t h e a s t  As ia .  
For  r e f e r e n c e s  s e e :  
R e f e r e n c e s  
Bhuiyan,  S . I .  1980. Water a l l o c a t i o n ,  d i s t r i b u t i o n  and u s e  c r i t e r i a  
f o r  i r r i g a t i o ~ i  sys tem d e s i g n  and management: s e l e c t e d  r e s e a r c h  
f i n d i n g s ,  i n  I R R I  1980, pp.  139-157. 
E a r l y ,  A . C .  An approach t o  s o l v i n g  i r r i g a t i o n  sys tem management 
problems,  i n  IRRI 1980, pp.  83-113. 
IRRI 1980. Repor t  of a  P l a n n i n g  Workshop on I r r i g a t i o n  Water Man- 
agement, I n t e r n a t i o n a l  R i c e  Research I n s t i t u t e ,  Los Eanos ,  
P h i  l i p p i n e s  . 
Kor ten ,  F.F.  1981. B u i l d i n g  N a t i o n a l  Capac i ty  t o  Develop Water 
Users  A s s o c i a t i o n s :  Exper ience  from The P h i l i p p i n e s ,  World Bank 
S t a f f  Working Paper .  
N I A  1981. N I A  C o r p o r a t e  p l a n  1981-1990, N a t i o n a l  I r r i g a t i o n  Admin- 
i s t r a t i o n ,  Quezon C i t y ,  P h i l i p p i n e s .  
de  10s Reyes,  R .  n . d .  G u i d e l i n e s  f o r  Data C o l l e c t i o n  f o r  C o m x n a l s  
P r o f i l e s ,  t y p e s c r i p t .  
V a l e r a ,  A .  and T. Wickham 1976. llgnagement of t r a d i t i o n a l  and i m -  
proved i r r i g a t i o n  sys tems :  some f i n d i n g s  from The P h i l i p p i n e s ,  
p s p e r  p r e s e n t e d  t o  t h e  Workshop on Choice i n  I r r i g a t i o n  ?lanase- 
ment ,  September 1976, Overseas  Development I n s t i t u t e ,  10 Percy  
S t r e e t ,  London VIP O J B .  - 
PERU 
132) The P e r u v i a n  d e s e r t  on t h e  P a c i f i c  Const  was i r r i g a t e d  even d u r i n g  
t h e  t ime of t h e  I n c a s ,  t h e  t o t a l  a r e a  i n v o l v e d  b e i n g  31~10s t a  m i l -  
l i o n  ha .  Water was o b t a i n e d  from s t e e p  r i v e r s  d r a i n i n g  t h e  v e s t  
s l o p e  of t h e  Andes. 
133) The major c r o p  i n  t h e  20 th  c e n t u r y  h a s  been s u g a r  cnnc  of wllich 
Peru  used t o  be  a  major  e s p o r t e r .  A combina t ion  of g ro l~ iny :  s a l i n i t y  
a n d  . d i s r u p t i o n s  i n  s u g a r c a n e - p l a n t a t i o n  managenlent caused by l ~ n d -  
r e fo rm a d j u s t m e n t s  h a s  caused d rops  i n  o u t p u t  d u r i n g  t h e  p a s t  two 
d e c a d e s .  A r e h a b i l i t a t i o n  p r o g r ~ m  c o v e r i n g  s i x  of t h e  c o a s t a l  v a l -  
l e y s  h a s  been  underway f o r  s e v g r a l  y e a r s  and sl~ocrs p romise .  
134) With t h e  e s c e p  t i o n  of t h e  C h i r a - P i u r a ,  T ina jones  and Jequc. t epeque  
p r o j e c t s  i n  tile n o r  t t l  t h e r e  a r e  h a r d l y  any s toragc-dam p o s s i b i l -  
i t i e s  on t h e  r i v e r s  d ra in i .ng  the  Andean wes t  s l o p e  and P e r u  i s  
t h e r e f  o r e  unclcr t a k i n g  trans-Aridcc~n t u n n e l i n g  011 a I.nrce s c a l c  b u t  
a t  h i g h  c o s t  i n  t h e  s o - c a l l e d  PIajes sc l~eme.  The s o i l s  s c r v e d  a r e  
hot,~evcr of  m a r g i n a l  A major  pro1)lcm i s  how t o  n l l o c ~ t c  
funds  a!ld ruclnI~ower f o r  r e l l a b i l i  t a t i o n  of tile co;ls t r? l  \ ral lc;rs  ( a l s o  
Chi ra -P iu rc~)  \ IS .  cornple t i o n  of Plaj c s  . 
Other  t r a n s - A n t l e ~ n  schemes i n  p r o g r e s s  a r c  Olmos, Piant-cro River  
and P:lnlp\is I<ivi:r . 
135) Two d i f f e r e n t  types  of in r i -ga t - ion  sys tems a r c  cncotlntcrecl i n  
Senega l  : 
- grands  p f r i m E t r e s  i r r i g u z s :  roughly  100,000 ha  under c e n t r a l  man- 
agement i n  which t h e  r e s p o n s i b i l i t y  f o r  c o n s t r u c t i o n ,  o p e r a t i o n  
and maintenance a s  w e l l  a s  f o r  p a r t  o f  t h e  a g r i c u l t u r a l  o p e r a t i o n  
i s  w i t h  a  s p e c i a l l y  c r e a t e d  government o r g a n i z a t i o n  ( S o c i g t f  
d l I n t e r v e n t i o n s ) ;  
- p e t i t s  p f r i m s t r e s  v i l l a g e o i s :  roughly  3 ,000  h a  i n  which t h e  
government a s s i s t s  l o c a l  f a r m e r s  o r g a n i z a t i o n s  on a  v i l l a g e  l e v e l  
t o  implement i r r i g a t i o n  p r o j e c t s  v a r y i n g  i n  s i z e  between 10-50 ha 
on t h e  average .  C o n s t r u c t i o n ,  o p e r a t i o n  and maintenance a s  w e l l  
a s  a l l  farming o p e r a t i o n s  a r e  t h e  r e s p o n s i b i l i t y  of t h e  fa rmer  o r  
fa rmers  o r g a n i z a t i o n .  
136) I n s u f f i c i e n t  maintenance a s  a r e s u l t  of l a c k  of maintenance funds  
i s  a  s e r i o u s  problem i n  c e n t r a l l y  managed i r r i g a t i o n  sys tems .  Sys- 
rems which a r e  d e s i g n e d ,  may b e  t e c h n i c a l l y  sound,  b u t  w i t h  a  
d e g r e e  of s o p h i s t i c a t i o n  r e q u i r i n g  a  subsequen t  l e v e l  of management 
which cannot  be r e a l i z e d  i n  p r a c t i c e ,  l e a d s  t o  i n e f f i c i e n t  and un- 
. e q u a l  d i s t r i b u t i o n  of w a t e r .  S a l i n i t y  problems and problems w i t h  
on-farm w a t e r  d i s t r i b u t i o n  a r e  t o  be mentioned as w e l l .  Of a  more 
f u n d m e n t a l  n a t u r e  a r e  t h e  problems r e l a t e d  t o  t h e  i n t e g r a t i o n  of 
i r r i g a t e d  a g r i c u l t u r e  w i t h  t h e  t r a d i t i o n a l  a g r i c u l t u r e  fa rming  
sys tem,  based on r a i n f e d ,  r e c e d i n g  f l o o d s  and l i v e s t o c k  a c t i v i t i e s .  
C u l t u r a l  p r a c t i c e s  on t h e  major  i r y i g a t e d  c r o p ,  r i c e ,  compete w i t h  
t h e s e  a c t i v i t i e s  p a r  titularly d u r i n g  t h e  b e g i n n i n g  of t h e  r a i n y  
s e a s  on.. 
137) Due t o  t h e  problems encounte red  . i n  t h e  management of t h e  l a r g e  
sys tems ,  c o n s i d e r a t i o n s  a r e  g i v e n  t o  t h e  p o s s i b i l i t i e s  of d i v i d i n g  
t h e  l a r g e r  pe r i rne t res  i n t o  s m a l l e r  u n i t s ,  which a r e  o p e r a t e d  and 
main ta ined  by t h e  f a r m e r s ,  o r  f a r m e r s '  a s s o c i a t i o n s .  The same ob- 
s e r v a t i o n s  were made i n  t h e  P h i l i p p i n e s .  
Appendix I 
of Annex 3 
P h y s i c a l  and O p e r a t i o n a l  I n a d e q u a c i e s  i n  Canal  Systems 
( a s  c i t e d  by I n d i a n  o f f i c i a l s )  
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( s e e  end of t a b l e )  
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M A I N  SYSTEEI INADEQUACIES 
F a u l t y  o r i g i n a l  d e s i g n  
The p r e s e n t  l e v e l  o f  competence i n  CBIP 8, 4 1 ,  4 4  
p l a n n i n g  and p r e p a r i n g  p r o j e c t s  i s  SHA 14 
t o o  low. GVKR 1 5 ,  17 
 he system most o f t e n  l a c k s  s u f f i c i e n t  CBIP 9 
c o n t r o l  s t r u c t u r e s  o r  c o n t r o l  s t r u c t u r e s  SHA 78 
a r e  n o t  p r o p e r l y  d e s i g n e d .  GVYC 17 
, - 
Canals  a r e  of t e n  of i n a d e q u a t e  c a p a c i t y  CBIP 43  
i n  r e l a t i o n  t o  peak demand. 
Discharge  c a p a c i t y  of p r o j e c t  o u t l e t s  CBIP 4 3 ,  4 7  
(chaks)  o f t e n  t o o  low i n  r e l a t i o n  t o  
t h e  i r r i g a t i o n  s t r e a m  t h a t  can b e  
' 
handled by f a r m e r s .  
2 .  F a u l t y  o p e r a t i o n  and main tenance  
2.1 Canal  c a p a c i t y  l6ss t h a n  o r i g i n a l  CGIP 7 
d e s i g n  c a p a c i t y  owing p o o r , m a i n t e n a n c e .  
2 . 2  System o p e r a t i o n  o f t e n  based on w a t e r  CBIP 40 
a v a i l a b i l i  t y  r a t h e r  t h a n  w a t e r  dernand. 
2 . 3  Head-end fa rn ic r s  g e t  oversupp ly  of CBIP 19 
w a t e r  i n  i n i t i a l  y e a r s  and r e s i s t  l a t e r  SILI 15 
r e d u c t i o n  of s u p p l y .  
3. F a u l t y  m o d e r n i z a t i o n  p r o c e d u r e s  
3.1 . Pleasuring d e v i c e s  o f t e n  l a c k i n g  CgIP 7 
3 . 2  Phas ing  o f t e n  u n s u i t a b l e ,  e .g .  over-  SI\[C I ~ e s o l u t i o n  N o .  3 
loolcing t h a t  f i r s t  e f f o r t  s h o u l d  b e  t o  
r e s t o r e  s y s  tern back t o  o r i g i n a l  d c s i g n  
c a p a c i t y  . 
Techniques  f o r  i n t r o d u c t i o n  of  waraband i  CEIP 12, 43, 47 
( r o t a t i o n a l  w a t e r  s u p p l y )  o f t e n  n o t  SFIA 15, 47 
p r o p e r l y  though t  through o r  implemented. GVKR 16 
I r r i g a t i o n  D e p t .  s t a f f  l a c k  a n  a d e q u a t e  CBIP 2 ,  7, 8 
manual t o  g u i d e  them i n . d i a g n o s i s  a s  a  
s t e p  i n  p l a n n i n g  sys tem m o d e r n i z a t i o n .  
ON-FAD1 SYSTEM INADEQUACIES 
F a u l t y  i n s t i t u t i o n a l  a r rangements  
Lack of  c o o r d i n a t i o n  among k e y , a g e n c i e s  CPIB 28 
e s p e c i a l l y  t h e  I r r i g a t i o n  Dep t . ,  t h e  SHA 35 
Command Area Development A u t h o r i t y  (CADA) 
and t h e  A g r i c u l t u r e  Dept.  
1 . 2  F a i l u r e  t o  a p p o i n t  a  head t o  d i r e c t  CEIP 44  
( r a t h e r  t h a n  mere ly  c o o r d i n a t e ) .  
1.3 Lack of fo l low- th rough  on C e n t r a l  Govern- SPIC R e s o l u t i o n  Mo.3 
ment recommendation t o  c r e a t e  s e p a r a t e  CEIP 48  
O p e r a t i o n  & Elaintenance Wing i n  t h e  S t a c e  
I r r i g a t i o n  Dep ts .  3 
1 .4  CADAS have i n a d e q u a t e  a d m i n i s t r a t i v e  CDIP 118 
powers.  
2 .  F a u l t y  p e r s o n n e l  p o l i c i c s  
2.1 E x e c u t i v e  o f f i c e r s  r o t a t e  t o o  f r e q u e n t l y .  CBIP 5 
2.2 CADA a d m i n i s t r a t o r s  o f t e n  t o o  j u n i o r  o r  GVI<R 19 
' f a i l  t o  have  l e a d ' e r s h i p  q u a l i t i e s .  C13IP 27  
2 .3  The CADAs do n o t  p r o v i d e  a d e q u a t e  c a r e e r  SF\ 42  
o p p o r t u n i t i e s .  4 .. 1 .  .- 
The p o i n t  i s  a l s o  made t h a t ,  u n l e s s  and u n t i l  t h e  main sys tem i s  
imp,roved s o  t h a t  s u p p l i e s  a r e  r e l i a b l e  and dependab le  a s  t o  q u a n t i t y  
and t i m i n g ,  i t  i s  u s e l e s s  t o  t r y  t o  i n t r o d u c e  waraband i  (SHA 4 7 ) .  
I n  t h i s  r e f e r e n c e  i t  i s  recommended t h a t  a s i n g l e  p e r s o n  shou ld  d i r e c t  
a l l  a c t i v i t i e s  n o t  o n l y  below t h e  p r o j e c t  o u t l e t  b u t  above as w c l l .  
3 I n  CBIP 3 and 1 1 and GVKR 13 and 17 i t  i s  ment ioned t h a t  p r c s s u r c  from 
i n t e r n a t i o n a l  f u n d i n g  a g e n c i e s  l ~ a s  becn h i g h l y  instrumental i n  focus -  
s i n g  a t t e n t i o n  on t h i s  problem and on t h e  urgency f o r  i n t r o d u c t i o n  of 
warabandi .  
The Study Tcam was t o l d  t h a t  a d m i n i s t r a t o r s  a r e  u s u a l l y  g e n c r a l i s  t s  
f rorn t h e  I n d i a n  Adminis t r a  t i v e  S e r v i c e  w i t h o u t  p r e v i o u s  background i n  
i r r i g a t i o n  o r  a g r i c u l t u r e .  Such a d m i n i s t r a t o r s  a r c  o f t e n  r e s e n t e d  by 
e n g i n e e r s  and a g r i c u l t u r i s t s  of t h e  I r r i g a t i o n  and A g r i c u l t u r e  D e p t s .  
F a u l t y  manpower p l a n n i n g  
Lack of  f a c i l i t i e s  f o r  i n - s e r v i c e  
t r a i n i n g  i n  w a t e r  management. 
CBIP 26 
SMC R e s o l u t i o n  No.6 
Lack of  a d e q u a t e  c u r r i c u l a  on w a t e r  GVKR 19 
management i n  a g r i c u l t u r a l  and eng ineer -  SHA 50 
i n g  u n i v e r s i t i e s .  
F a u l t y  management p r a c t i c e s  
E x e c u t i v e  o f f i c e r s  over loaded  w i t h  CEIP 8 
a d m i n i s t r a t i v e  t a s k s .  
I n a d e q u a t e  exchange w i t h i n  t h e  c o u n t r y  CBIP 2 ,  49 
of l e s s o n s  from e x p e r i e n c e  r e o p e r a t i o n  
of  w a t e r  u s e r s '  c o o p e r a t i v e s .  
Lack of  c l e a r  t a r g e t s  f o r  gu idance  of CEIP 29 
managers.  1 
FAULTY O::-FAC\rj*I PRACTICES 
P l o t - t o - p l o t  i r r i g a t i o n  a s  wide ly  CBIP 9 ,  38 
p r a c t i c e d  i s  i n e E f i c i e n t .  
Known tec l lno log ies  of e f f i c i e n t  w a t e r  CEII' 8 
u s e  a r c  n o r  b e i n g  a p p l i e d .  2 
The S t a t e s  a r c  s low i n  respond ing  t o  CEIP 3 
C e n t r a l  Govcrnmcnt 's  r e q u e s t  t o  ex tend  
f i e l d  c h a n n e l s  a t  S t a t e  expense  t o  5 t o  
8 ha  bloclcs ( r a t l ~ e r  t h a n  abou t  40 ha  a s  
. a t  p r e s e n t ) .  
I n  t h e  Study T c n ~ ! ~ ' s  o p i n i o n ,  t a l - g e t s  shou ld  be i n  tcri;ls s u c h  a s  v a l u e  
of a g r i c u l t u r a l  procluct ion per ha o r  p e r  m 3  of w a t e r  n o t  r l c re ly  i n  
terms of  ' i r r i g a t i o n  a r e a  commanded' o r  ' f i e l d  c h a n n e l s  c o n s t l - u c t c d '  
3s a t  p r e s e n t .  
. - 
\.Jl~ere p l o t - t o - p l o t  i r r i g a t i o n  i s  n o t  p r a c t i c e d ,  t h c  o n l y  o t h e r  method 
i s  f l o o d  i r r i g a t i o n ,  a l s o  i n e f f i c i e n t .  Borders  o r  furrows seem h a r d l y  
t o  be  used i n  I n d i a .  
D and E FAULTY DRAINAGE L U D  ROAD SYSTEMS 
1 .  Drainage s y s t e m  o f t e n  o m i t t e d  o r  GVKR 1 1  
i n a d e q u a t e l y  d e s i g n e d .  SHA 14 
2.  Farm-to-market r o a d s  o f t e n  l a c k i n g .  SHA 18 
3 ;  Conjunc t ive  u s e  n o t  s u f f i c i e n t l y  con- GVKR I I 
s i d e r e d  'as means of  r e d u c i n g  wa tc r -  
l o g g i n g  and s a l i n i t y  w h i l e  s u p p l y i n g  
supplemenrary  i r r i g a t i o n  w a t e r .  
FAULTY FADIING SYSTEMS 
Research i s  l a c k i n g  (and t h e r e f o r e  CGIP 2 ,  5 ,  21, 26 
f a n n e r s  a r e  n o t  r e c e i v i n g  a d v i c e )  on GVKR 17, 20 
a p p r o p r i a t e  f a r n i n g  sys tems  i n c l u d i n g  
c h o i c e  of c r o p p i n g  p a t t e r n  e i t h e r  undcr  
e x i s t i n g  c o n d i t i o n s  ( w i t h  d e f i c i e n c i e s  
i n  t h e  w a t e r  sys tem)  o r  under  improved 
c o n d i t i o n s .  
* CBIP = C e n t r a l  Board of I r r i g a t i o n  and Power: 'Warabandi f o r  I r r i g a t e d  
A g r i c u l t u r e  i n  I n d i a ' ,  Pub. No. 146, Nov. 1980. 
GVKR = G .  V . K .  Rao , Member, P l a n n i n g  Connnission: ' 1 r r i . g a t i o n  Develop- 
ment i n  I n d i a  - ~ a s ' k s  f o r  t h e  F u t u r e ' ,  I n d i a n  A g r i c u l t u r a l  
. Research I n s t i t u t e ,  Peb. 1980. 
. 
.- 
SklA = Syed llashim A l i ,  IAS, 'Problems of \ . later  blanngernent and Command 
Area Development'  C o l l e c t e d  p a p c r s ,  1980. 
SbIC = S t a t e  P l i n i s t c r s  Confe rence ,  Minutes ,  S e p t .  1981. 
ANNEX 4 
A NOTE ON ACTION RESEARClI 
The purpose  of t h i s  n o t e  i s  t o  c l a r i f y  what t h e  Study Team means by 
a c t i o n  r e s e a r c h .  
The Study Team h a s  had a  l o t  of d i f f i c u l t y  s e e k i n g  a  s u i t a b l e  term t o  
d e s c r i b e  t h e  type  of  r e s e a r c h  a c t i v i t y  which i t  recommends s h o u l d  have  
p r i o r i t y .  I t  i s  s i m i l a r  t o  p i l o t  p r o j e c t s  b u t  d i f f e r s  from them i n  hav- 
i n g  a  s t r o n g e r  r e s e a r c h  and m o n i t o r i n g  e lement .  The term R  and D h a s  
c o n n o t a t i o n s  of  ha rdware  t echno logy  which a r e  m i s l e a d i n g .  ' ~ e s e z r c h '  by 
i t s e l f  i s  too  p a s s i v e  and does  n o t  n e c e s s a r i l y  i n v o l v e  an a c t i v e  i n t e r -  
v e n t i o n .  ' A c t i o n  r e s e a r c h '  h a s  t h e  advan tage  t h a t  i t s  two words empha- 
s i z e  t h e  two p a r t s  of  t h e  a c t i v i t y :  a c ~ i o n  - a n  i n t e r v e n t i o r i  d e s i g n e d  t o  
improve and f i n d  o u t  more a b o u t  a  sys tem;  and r e s e a r c h  - o b j e c t i v e  i n -  
v e s t i g a t i o n  and m o n i t o r i n g .  
By way of i l l u s t r a t i o n ,  two examples of  e f f e c t i v e  a c t i o n  r e s e a r c h  
a l r e a d y  p ioneered  a r e :  
1 .  IRRI 's  work i n  The P h i l i p p i n e s .  I n i t i a l l y  t h i s  t e s t e d  r o t a t i o n s  a t  
t h e  t e r t i a r y  l e v e l .  IJhen t h i s  d i d  n o t  l e a d  t o  s i g n i f i c a n t  improve- 
ments ,  main sys tem management was i d e n t i f i e d  a s  t h e  p r imary  problem 
and became t h e  f o c u s .  I n t e r v e n t i o n s  i n c l u d e d  improved communications 
w i t h  f a r m e r s ,  more s p a r i n g  i s s u e s  of w a t c r  a t  t h e  head,  r o t a t i o n s ,  
and minor improvements t o  s t r u c t u r e s ,  w i t h  c a r e f u l  m o n i t o r i n g  and 
measurement o f  e f f e c t s .  
2. Colorado S t a t e  U n i v e r s i t y  work i n  Pnlcis t a n .  T h i s  c o n c e n t r a t e d  below 
t h e  niogha ( o u t l e t ) .  Resea rch  i d e n t i f i e d  l l igh t r a n s m i s s i o n  l o s s c s  i n  
f i e l d . c h a n n e l s ,  and a c t i o n  r e s e a r c h  then  t e s t e d  d i f f e r e n t  inprove-  
ments t o  r e d u c e  l o s s e s ,  l e a d i n g  t o  c o n t i n u i n g  r e $ l i c a t i o n  of suc-  
c e s s e s .  
Some o t h e r  a c t i o n  r e s e a r c h ,  i n  p r o g c e s s  o r  p roposed ,  i s  l i s t e d  i n  t h e  
appendix  t o  t h i s  n o t e .  
Piany methodo log ica l  d i f f i c u l t i e s  have been i d e n t i f i e d  i n  a c t i o n  r e s e a r c h ,  
n o t  l e a s t  t h e  problems of s p e c i a l  t r e a t m e n t  and of m u l t i p l e  c a u s a t i o n .  
N e v e r t h e l e s s ,  r a p i d  p r o g r e s s  i s  b e i n g  made i n  l e a r n i n g  abou t  and over -  
coming t h e s e  problems.  The number of a c t i o n  r e s e a r c h  p r o j e c t s  , s t a r  t i n e  
somewhat i n  i s o l a t i o n ,  i s  i n c r c a s i . n g .  Ncw i d c a s  about  methodology a r e  
b e i n g  g e n e r a t e d ,  th rough  e:cpcricnce and through t h e  i .n ternct i .on  of t h e  
approaches  of d i f f e r e n t  d i s c i p l i n e s .  Tile n e x t  fcw mont l~s  and y e a r s  w i l l  
be 3 f o r m a t i v e  p e r i o d .  A h i g h  p r i o r i t y  i s  miltual excllangcs bctwcen 
a c t i o n  r c s c a r c l i c r s ,  tile devclopmcnt ;111d t e s  tilll: of cos t - e f f  c c t i v e  
methods ,  and then  t h e i r  d . i f f u s i o n .  
The a c t i o n  r e s e a r c h ,  a s  c u r r e n t l y  u n d e r s t o o d ,  t y p i c a l l y  i n v o l v c s  si : i  , 
a c t i v i t i e s :  
1 .  m u l t i - d i s c i p l i n a r y  d i a g n o s t i c  a n a l y s i s  of an  e x i s t i r l g  i r r i g a t i o n  s y s -  
ten1 and t h e  c h o i c e  o f  a c t i o n  i n t e r v e n t i o n s ;  
2.  benchmark s u r v e y s ;  
3 .  a c t i o n  t a k i n g ;  
4.  m o n i t o r i n g  and e v a l u a t i o n ;  
5. l e a r n i n g  l e s s o n s  from t h e  e x p e r i e n c e ;  
6 .  e x t e n d i n g  and d i f f u s i n g  t h o s e  l e s s o n s .  
The i n s t i t u t i o n a l  and p h y s i c a l  forms of a c t i o n  r e s e a r c h  w i l l  v a r y  
w i d e l y .  A t  t h i s  s t a g e  i t  i s  n o t  d e s i r a b l e  t o  d e f i n e  them t o o  t i g h t l y .  
E c l e c t i c  approaches ,  i n v o l v i n g  r e s e a r c h e r s ,  i r r i g a t i o n  s t a f f ,  and 
f a r m e r s ,  and v a r i o u s l y  u s i n g  mode l l ing ,  r a p i d  a p p r a i s a l s ,  d i f f e r e n t  d a t a  
s o u r c e s ,  and d i f f e r e n t  combinat ions  of d i s c i p l i n e s  and of i n t e r v e n t i o n s ,  
w i l l  be b e s t .  One i n s t i t u t i o n a l  form i s  t o  combine an  a c t i o n  team - 
t h o s e  who manage a n  i r r i g a t i o n  sys tem,  and a  r e s e a r c h  team - a  group 
from a n o t h e r  i n s t i t u t i o n  which i s  r e s p o n s i b l e  f o r  r e s e a r c h  and moni tor-  
i n g .  The e x p e r i m e n t a l  t r e a t m e n t s  can  v a r y  wide ly .  G e o g r a p h i c a l l y  they  
can i n v o l v e  a  whole c a n a l  sys tem,  o r  p a r t  of i t ,  o r  j u s t  t h e  a r e a  below 
one o u t l e t .  I n s t i t u t i o n a l l y ,  they can ,  f o r  example, i n v o l v e  changed d i s -  
t r i b u t i o n  of w a t e r  on t h e  main sys tem,  methods of communication between 
f a r n e r s  and i r r i g a t i o n  . s t a f f ,  f a rmer  o r g a n i z a t i o n s ,  methods of moni tor-  
i n g  and e v a l u a t i o n ,  and s o  on. 
P h y s i c a l l y ,  they c a n ,  f o r  example, i n c l u d e  r e h a b i l i t a t i o n ,  new c o n t r o l  
s t r u c t u r e s ,  changes i n  t h e  d e s i g n  and l o c a t i o n  of o u t l e t s ,  and /or  on- 
farm development. T r u l y  m u l t i - d i s c i p l i n a r y  d i a g n o s t i c  a n a l y s i s  u i l l  
i d e n t i f y  a c t i o n  r e s c a r c h  i n t e r v e n t i o n s  which w i l l  d i f f e r  sys tem by 
s y s  tem. 
Ac t ion  r e s e a r c h  i s  'not t h e  on ly  p o i n t  of e n t r y  f o r  improving i r r i g a t i o n  
management, b u t  i t  i s  a  potentially powerful  nnl l t i -purposc  t o o l .  As a  
p r e c o n d i t i o n ,  i t  needs good methods of a p p r a i s a l ,  d i a g n o s i s  and p r e s c r i p -  
t i o n .  Once i t  i s  w c l l  under  way, i t  can s e r v e  2 s  a  lea l -ning and t r a i n i n g  
l a b o r a t o r y  f o r  i r r i g a t i o n  man:lgcment s t a f f  , a g r i c u l t u r a l  :; t a f  f , r e s e a r c h -  
e r s ,  and o t h e r s .  The d a t a  g e n e r a t e d  may be  u s e d ,  a s  has  been done on t h e  
Gal Oya P r o j e c t  i n  S r i  Lanka, t o  c r e a t e  i r r i g a t i o n  s i m u l a t i o n  games w i t h  
immediate a p p l i c a t i o n  i n  p r o f e s s i o n r l l  t r a i n i n g  and i n  on-going prog- 
grammes. I t s  f i n d i n g s  shou ld  f e e d  back i n t o  improved management on a  
wider  s c a l e ,  and i n t o  p l a n n i n g  and d e s i g n .  Above a l l ,  i t  h a s  tlle g r e a t  
v i r t u e  of enzclgcment w i t h  ' f i e l d  r e a l i t i e s ,  s o  t h a t  t h e  outcomes shou ld  
be of i m ~ e d i a t e  p r a c t i c a l  u s e .  




O C J C J  
G U S  
(6 w 
ln 3 
.r( rc . 
S ( 6 a J  
3 2  
w O h $  
0 
a \  0 
m a w  
O C L l  
acd C) 
~ l  a 
3 k 
a: g 
aJ .rl 0 
s C  
U O ~  
L., E.z  
0 0 
h u  0, 
h 
L l -  
U C C  
w o o  
3 - r l  
7 4 m u  
A C C  
.4 0 a, 
.rl > 
iJ on- 
o s o u  
c a m  
x n m  bO 
- A V) 
U  c 
G 0 
co - U  
- A  





m  cn .a 
cn c n ' r l  4 
.A - A  k k 
k k boo 
0 0 4 3  
S i J C  k C 0 
3 CJ ' A  
O U U  

IT. 














0 s  3 
0 coo c 
U z Co.2 
c n k k l - '  
aJJz.cc 





IT. .Ti s 
k A  k 
-rl a cd 
W U E  
L s 
- GJ U 
m a  c 
C. c ai 
- 3 s  
c .A 
a a  3 
2 2.5  
"? k U 
U  r3 C 










C- 0 g u 
2 .A  
r .* 
8.2 , - 4  
C ' U , ~  al 
$ a U $  
I4 > U d  
o o a  
d f i c  
a  a 
k c o g  
3 c m 
cn m > 
U C .A 
e H  C 
3 
c to 
C d n  
.d .A d n 
